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4 _OJULO 


cLU^I ^p ( 1 )* 1^3 £> l ^~ •*—->Ll 5 sJI Ij-& ( 1)1 

A^J>sJ>o twAl^xJ AjI ^1 C jJl C-i-Jg.Il Ol3 £-1A^ JJ^k <^S Aj>-JJ 

a^_>- j-oJl t S3iL^^L>cJl c^-iSDl d)l i^ j> ~ <^J ‘Sj-^y> oN <C-Juj 

d^ljlwOl ^lp C <lJ lj_J ^P {J **"**(_^i 

i_>*>ligJ A-wo_& I jZS\ jJ& la d)l J-idL*_> luli c IIIo'^/'yi -XjwL*_i 

j_aj j>*_)j c ijj . iiio'y^yi 'ywL> ^ji iinji ^loj^yi j_& ^j-Ji 
^3 £jI l> t >Li5sJl ^Jj*yi <Jj-v2_flJl ^3 a-Jj l^jJl olo j ^iSvJ^yij ol jIjJI 

^LyzJ^i ^p.J <« >j-w*>L>eJl ( /^P Jj_v2j2j J t 4-^<>3^J| oUJ^)f| 

<L^>Jj^Jl ^j. < . <l ^..>/g.>cJLoJ' ^-»_P *-)LS' ^3 o3l_P Jj>-j_> M (J^_*/23 lLIIj^ C 4^^3^Jl 

.All 


olujjJL^J^yi ^-fr3 ^3 (1)(_5^i ‘—^^-^1 IJ-A d)| 

^^LwoJl ( /^>s LiXkjl c-jIlSUI o3la ^.Jg_*^a Ij^s^ 5 j-P Ji3J .o'yivajMl j aI_> J_>eJl 

c d-’l jl3 Sjj3 £_ll l-£ ( JUaJl (1 )jS A>-1>- AoJ ^j-vwJ IJJj c^Jj'yi 

t^j-llX-oll ol jj3 pL>^v3j olw^Ljj Aal*Jj ^ (J^J (J w ^ wfcl (_5^ 

^loJL&l la| .oljjjjl dill Ig-aJ-iJ oljlaJJ All Jjol/1 A>cJl*_oJl 43lc?j 

^Jl a^La.^I ^pLJl ^^Ipj <. oU^kxll ^^Ip ^lisai 1 Jl& 

j%-fi jIr^ 5 ^' J-v2-aJ 1 l^ajJ C Mloi • L^J-^ 

0 L 3 I 0 JI ^j-o A3*>l*Jl ^Jl Ailv^} <• «UiijL>c_^Jl A_o^_>cJl <^J ^_^>l>eJl OlajJg-La 
jJi ( 1 ) . A^-A^JgJLll ^°1 1 1 Ol^>c-a j-Jlj 

t ^jloJlj . I-s,<gV?,>cJ Ol JJ jJ (w^wwal^..^^■•./?.xl A«ajt)l)l 0 ^jj j^sj 15"jJ 

( Jww^HJl ^a la ^Jl dJ^y lyg-J^y l ^^l>cJl ^*xlJl JwvSjlJl ^^JL>cj 
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dyadJl y^A Ij oLsd^Llp ii-l j_ya y* ^->JJd! 

( Jl^j>c_*^j> ^ j£>\ j_i \j ojld)/l d>c_)L*_^ ( /^s ^dJl c a_p jjjLoJl j_oJI ^LLLj 

Cd5jJ dJj_3 Lsjjl51 j-oJi Lsl .dodyaljdoJl O 

.oNL/gJ^L <ly2.ya5duJl i*_dSUJ 

<• >1x5" ^la-^ljj 4^oJ ^Jl \^/2j*)! Ij oU j ^5L^ I j djIjidJl *Jl*J j J_Aj d)| 

OjjJ-J l^jj_>c_>3 J1 j_P t._JUaJl <1)15 IdJys cl)i ^j-SyO-J d>-|j 

.ol^»L>Jl ^j>3 ^3 1>\_y?L>- J do Ls UlAj C JaJi 0 Jj>-I j djL j^S dydLk 


;b£)l IJla 


£f'p 


ydsJod J (. diUaJl dpldy? ^Ufi-3 ^_3 0^3 cJji dJ) L>j_^_Sdl dyddgJl djldj 
^^.3 ^>^a>L>cJI ^_v2_p dJl^o j%J» coNUaJNIj oLJjjJlSD^/I ^Jl 

C Ljj jJLSLI^/ I j dolo ^Xil d^lj-^_>d)l ( jJdo c^> j-Jl j 0 jJL)l dLdddo 

d^JdA l_£d4 C dP ^dds d^L/ L>e_x>J ^jULdll ^ C dwo-3j dioLoo d-oL5l 
^Jl dsLyaj^ 1 dJL^wa..s 1 1 <dydd&j dj-y>cJl d^JaJl dyddgJlj UJI 
dowd- 0 jjl_L olo j^ dSD j dfi_l_Sy) ^Jdoy (. JIdyJI ^Jp .d-oJLJI 

. di^Jl L^ddi5sj ( /^s /.50 j^>o ^j-Jl 

Jj>-I j ^j.ya,3 t^Jd* ojjjJ d^l j^p\s> c^s ^JLsl j-o-> ^p < ’LxSvJ 1 ld& ^o>o 

d^dd^Jl op*>Us> LyULil CdsdS t dJ J jdSLJ^I djlj-^_>dJl d-jLLwJaJ 

^s e-l5io I^ApLdj j^AJa-U ^j-v^ 3 Li 15 L^-S jJ (_5-kj .diL 

<d^»L-*il 0 3 )Lo ^_)di_i ^jo LsL^ ^.<-. 0 .■>/?.!Ii ^L*_j ^j«vwJ 1 . .^_>^_>- s 5l j^y»iI 

oLjkjuj d^?lj>cJ| d^liLwJa^Jl (Jj.y2-3 ^-3J y-^L*dd*j| ( /ys i,_ /^Svoj k_315 

^ >L5 «uj /^_5o .<d^>»3jJl dj^5Ly2_j^51 d->liL^dj ^Jl ^ >j-^.L>Jlj d^L-Lo^Jl 

^j-^y?dj 'y 3^oLj^5L!>I .^jjJl |j-2s ( jys SjjjJ ^_*y3L>- 

(j“°J . ( J-s_y2 LidJ I LS^' c5 ^ ^ UaJ^y 1J d^ljljJl 

Of-L>^_^ o-LL^_> 3 j-oJl doL)<L>iJd^Jl *^d5 OwO-^vJl 

^ji Ajwy2_) id—oj 'y doLoyyij ^jUaJi d^jd* ^jp ®^Ls Oj^Ij c oJUJLJLM 
( j-w*“ t ^diLJl cliJi dw«j-y-P (1)1 ^lUi yiLy2-> .oNUaJ^lj d>LJjjdSD^yi 
^jiwU 4_lpL>- c Ad^> ^LU>3 yiij>- LJLp t d^-lj ^|^.3 ( /^s ojjw\J LgJly-ddl 

Lgi-yg jj SdyLoJl dP j_*^i iwdiDl J-*J C I ^y>-lj . L^Jaids j*, J| 

k 315 jdd ^.yd>cj3 < >L5 j-2s k >jJJa^oJl L)| dJj>cJl yp^LlaJJ ld>- dsJJds d^ljlw\Jl 
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*1 ) L ^ J ^Q 1 . . —-. <1—.' 1 J La^J I ‘ J 1 ^ 1 ^ t y£“ : , \ ^ i - '' — I ^ . 1 - /? 3 t 0 


■jULJalj 


3^ 

*U-o-A| (U 5 b 4^oJS^jJl 

IJl* 3 jL 5J “>LJi jLSoSlI oJl* 


„ . . _ ^ “jj-^ 

j ^^-1"j t. <^oJ^Jlj ^tJjLojJl oLJj 


j^/l^aj^/l oLSwij i^oJjJl b_™*l jj>J| J^-9 ^ 
jJj .a1)JL>JI 3JIJLl 11 oLojjj^SsJ^II 

.^bsai 


;liS3l 




j 


,IjJI 




J j ^j-^' 


5J*>Lj 




jLlSUI c-iJLLi 






J 1 J-wQ-Jl 


a- l j- a (_5-* bljLjj<jl <_S-H ^j-^->J - > -- )> ^ .i <^* *^lj 

<ijL*_3 j^t?\SS' ^Jj 4_3Lstf>| b C-dJ-oJlj ‘blj^SLoJlj ‘LajlJLaJl Oljl^ j^>\SS' 

jLJl oljl^ L-aJjs Jij .oljljJl 4 _~ol jJlj i >LlSsJI UljJol t JjJl!I *_3 

^xJl <LaL*Jl l£lL^3\ jjjJaJ J c Ja_*^ol lijl 


d)T UJLjj . «4JLslc ^-^Jg.pV1 4_pLLajL^li 1 JJL,J 


J^-r 9 


01j c 4_iLla_L] ( Juj_>cJ ^_a ^jl 1)j_>UL 4 _s^_*_j»J 1 oLajlJL*Jl 

( j-o ^j-lil JlS'Ij iSyr ^j ‘^^-il 0o->0 j-s4>Iip ^a 4ij_*^»Jl oIaLOIj 

<_^L^>J ^xJl oUL>Jl ^_> JJjJ A-Jwo-*Jlj a^JLLoJI j^_>JI 

( Jw2jjJI y* jLjioJl jLjJI oljl^ c^jJj .1 jlaJl yo *y>- ^1 ^oljLJ 
I jzS j^s3 1)1 t SjljJl ^j_^j>eJIj oljLxll 1)1 ^jl i.^ 0 <. ^jlill 

4>s y^~j j-^1 l^ 5 ^\ c 1 ^jwoJl jJ ol 

^Jl 4_PLlaJL^'yL> ^Juv2-flJl 4 L^^_>c_J! 3 

4 JL 9 !o'y j_>c^oJl>j c <jjj^ <^>-^1 ji <_jjijjLoJi jLJJ 4Jl*_aJi ^^wuiJij 

<_IjjLoJl jLJl (J1 j1j1w\J ^L-VI |».^-a11 1)Ia1>o j3.il ^jjl-A 1)| .L^j1 

i)ijj_^_) tjjji iji>xjL^ s yij o jjIaJi o^yL^xJi j 

___>lxSUl aJLJ ^LwoVl 

l^3Jj>cJj .^^jwUl j-A i ojIjJI ^jJj IJuJb^- \j^Cs- l1w2j ‘ ilJliil J-vaiJl 

(JlwL^ 4 jIj .,1?^.^.; y >t - i (_5^ ^** ^j-^d ‘«_-ol>cJJ 

JuJ l>jj ^a3 Sjb AjiiSloJlj iwlLoJlj 4^jLLjl 1 )^^j 1)1 ^^w*» 

JwUj 1 4jJ»i)J! <1j\Jj>~j 4 JLo-*JL-*j1 dU^ <_3 L»j2j .J_^_>cJJ j ^JgJoj 

^-Jg-x-ja jLjJI 1)1 1 j-^j .j^>jLw^ 3 (_^i jLjlJI 

oyy>~\j (^w^a> 1 j->tJl oil^5 \j 3 |t-^l 4_>wlxdJl oJs>-j C 4»oI^_Sli 1 olj-^J>cjJl 
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apIS^jj ^y}u* < a_)ll> jJ 


^JJD IJJ .La^pj JlDcJl 

Ij_A <di9L*^o ^l_Pj 


^t-P jJ C IwLwoJl ^ ^ 3 (wJliaJl AjIs ^ wo-* 

. 1 J-JL*J UoI oljb ^y3 < _aJll All>cJl AjJ_*dJl olwL>-j d)l 

jJl e-L>^3 ^^Lp aIjULII aLo^ ^X^JMl ‘L^ljwL) ^)1 jJl ^y^JL II ^3 IwLoj 
^j_>jj 1 j jJL*^Jj 1 ^Jlj ^^->w\Jl t. tfjlkj j~*j£ (1)1 ^)Jl A_l3l)Jl ( fl-yaJ 

0 j JJLo jJJjJl ^2-olp j_& Loj .A<>-g_~o J wLo ^Jl Cj1^-^->cJJ 1 0 j_A ^..^.xSsjj 1 

5 jIjJ L-Jl ( JwwL>cjJl (JM- 3 *" Mjl < W 3 j-*-J (_£lil ^t-*->c-v2jJl ^^J-P J J^yl jjJl 
aJj-*/ 3 J-« A_^j>-jL>- Sjb j-^-J C ^ 0j-$S-9 *^—>5—v2_^Jl 

L^J J c aJ jILo jJU j ^U^iJjI jlll oLl>sJwO (^ ji t J ^Lw*< JjI ^liL 

Ja_>- wLpL^vO^ . ->r_.,/?.^.l 1 A^L^p ^ jUl aJ j_^*J l^JL*-^> (_5^i J lldoM 1 y^2J>tU 

j-yaJl ^-oJL^Jl J_£J>Jl Ap-lj! ^j^Si ^Jp 1-*A2->1 Q aJs. ijlj J-^>JI 


A^si>L> ^Jl ^oLojJl £_^a L>-Lj ^>s V_JUaJl 


HL^>- . ^_>c_> ^^Jp aJ 1 

4s >-^-oJl jLli^l j t A_O.S1 AjL>c_L^iM 1 A^*j1j^ J^jj .31 ojllM 1 C1 jL^>c_v2^J 
tSJUS' A^a^Jg-L^a frLygJLLw»»M ^«4 j t ApLia-l^iMl C-JLo-^>c_Ayj2_^^ c A_*_j^oJl 

^Jj>cJ 0*ljj>-l (1)1 c_i^5" (_£jJJ C ^JUa^oJl ( Jw>J-*_l)L> L>j_o1j M-*-A)Lw*wO 

J_> J_*jJl oM~^2JL*^j ^-Ja-^3 oLoj(1)1 Lyg-j 1 J_$^J_> IjJ^SsJ . L^JLa j_; Oj^J g-L-oJl 
^ j -^A)Lwvw<>ji Aj^>cJo aJ«>3lsCx> 3 djiji^ ^u'yi oJ-& ^gJUa^Ji 

C A^JjLojJl oLoj^ j-vw«l>cJlj ^1 ^Ij k^Jllll Jj-v^jlJl ^iaxjj .f-lj^-1 

t oLojdill) ^LoJl&l A^J 1^1 cJj-v22JlJl oj_A 0 J^S ^lj^>-l jjl>cJ 

^1 olJj^J)/L J. 


.4^*3 


y*./2.Jl. 11 l^LgJ .cljL^Lo-*Jl LoJ>c_v 2^3 ^j-k»^Lws,Jl y^2j3^\ L«1 

^Jl 4Ju LJ1 a; Mill cJ j^2jaJl ^P ( JwA^L*^w« aJM 1^- Ajl ju LojU o y£sj (1)1 

(_Jlill oLJwo_*Jl ®jl^ J .A-^LjLoJlII CpLojC^w^JLaI 

AjJ-*_j (JL>-*JLw^L> yJl^T^j jjC^^a Ja_*^»J_; >^_j3-yaJo ^JJlj j_^_*^Jl A^JgpJJ 

CJL^J>C-via tjpl^J ^ >C-J 1 J bjLp ^_v2_4JL^o C *>■■<./g-o^ll ^_9 A^JL^*) A_*_^-1 j 

oUJ^-siuJlj o*>ULSbJlj olJjLLoJlj ^-alj^ft-ll 1 A-^L^_*Jl cpLJw^_*J1 

^3 ^iaxjj .AjjLojJl iuJjJlJ A^oJ^Jl aJjL>jJ 1 O^yj-^oJlj oU>di yj\J A^Ls^>LlJl 
^j-o Lyg-x_> ljwOwL*_JJ (. ^_Sb>lJLll ^_3 ( Jw<)-*JLwvU Aj^y ^JjLoJ J_^»L>cJ Milo AjlgjJl 
L^_L>-J A_fl^3^ Aj>-1^j A-bv-olSwJ A^ojJlLo Aj>-1^j <LjlS Lj^jJ C A^Lv^llJl oM^L*-^Jl 

.Allj^^Jl djljlw\Jl aJs^I 
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^_j2_v2JoJ oLoj6(Jj-v2_4_j! ^3 jJaJoj 

^_>c_j ^_1_P t t Lwo^3 jJl d->'y Lv2_j^ 1 Aj ^5 ^_P ^_i C I ^j. ->./?, AI i 

J^o-p| i^JUaJl Jujyj j_a (Jj-vi2jaJl o j_& ^jA LiJ-fcj .O es* £-^'j 

.^Lwo-ijJl oj^jJl ^^3 A_>jljJl J_L<>J> ^Jl CUj^Jo^/Ij jJl Ow^lj_>JJ 

jl Jl ^j klxJ'j oLIj_Jl C ^£?j_v2J><Jl A_>-j ^^JLP t £_;l_~Jl J^il ^j^yaJoj 
f-ljwJl oLwJ c (9 4j ^>cjJl) o L>cJ L*^*J I j cjL)*^LaJIj 

c ^Jwv2-flJl ^3 ^^<>3 '^~* i L>cJ 1 ^JJLxxj^ .aJLpI I C3Lo 

J-*_> ( j-J-v2_aJ| J-yg-Aj .^v*>LxJl ^JwSJlJl ^3 I_v2_)^ 1 cl^LSs-^-Ji 

^3 (j^_-_P j-l ( ^^-v2_a/2_>sJL« •* > ^Jl oLf^“ J-* t 4 -wo-^.o.^j oljl^J 

j5"^> Ij>^jj . I ^3 J-w2j>cj 

l Lg_*^o ( Jw*l*J J^v2^>cj ^<>3^Jl <—>j-w*»L>cJl (J^a23 

A^>c_)L*_<J| oJjz-jj Ja-A3 o*l^JjJl j-^J^J c ^jI j_JL*Jl 3 UjJ| iL>c^j_Jl oUJ 

oLJw*Jl li-l Lv^jl £-»xbJl ( Jw2jlJl ^3 Lwv^^-Pj .^Jwwi-vXjJl ^Uajj Ajj5"j-^Jl 

c 4_v2-jJl y^-A j^j J-jJl^jJIj oUL-Jl ol« j_L*_oJI o~^v-j^_$\_}IJ 

*Lwo3 jJl CjLSL^J 4_^o3 j]\ OjL^»^/I 4j>cJL*^ 3 ^._^_dJ (£jj j^~P J 

.Oj_yoNl J~3 ^ (JT^ 
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djL^XjtCiUlnUl < ASjjlAjm 

4Jl]| JUx diUJl SjJLl4 


A^o2j o'ybfoJ ^3 LajL^oI <LL~J~~Jl oJ_^J ^Jil O' ^ 

Lw^jL-*'I LS" jJ><L*a 4_3A^_3 C-*->c-^-v^l 2_P ^_3 ^o^_*Jl ^JjlJLU Ao^J^I 

i^LLL^J! ajjJji j_u (1 )jL*jl)L> o j_a j_*io ^Lj ^ 3 Lv?jl3 ^\ 

3J-p a^Jo jU^I ^3 £~^~LJ L *Lo^- j-^ ^-°‘toJgj.-oJ'j a^JLJ !j ^ jjj*Jl j^p 
! LgJoaj <• P jXxJlj <Loj^Jl A*JJb ^l*o oLw? oL^L_*^Jl ^jA 


_a1428 j]\ ^3 jJL*_LoJI ^jj_*Jl <LooiJl ^ooj_oJ oLwJl 

d-->c-Ji 4_*J o j-SLj l)1j c A-oj_*Jl a_*JJL> ^Lo-ia^I ojj j^p J-S"jo ^2007 

^3 <Lu^*J| A_*_Ul jj.ygj>- ^->jJ>-j) ! ^io L* ^i_P j 

. (La^pj tj»*>Lp^/lj tJLvaj^l ^Lw^j ciLta ^3 Loo t^jj^LoJl 


Ao3 <Lo j-*-^ aSLLowoJI ^3 ^A^JLJIj ^ A^li? jJl ! Lulo 

(_j^^JwJC oLjl . ^^A A^>c-ol^JLw*>j A^_Aj o^wL>-| ^LoJLpI L^lP ^JLol 

A^JjJj c Aoj»o>eJl A^JoLJlj c (joLJl) j-x.>/^.ll A^-A LjLoJl CjLjJLJIj c oLoLwo^S”j^juJIj 
c L)ij-JaJlj frl^a-d-llj t oLoj..,yg.llJ O^LvaJ^/l j oLojjJL^J^/Ij c oL j_L*_oJl 

.AjLwJlj t AoJwLiloJl 3lj-oJlj C A3 Ik! IJ 


^3 e-L>- L« Lyg.j' ^JoLaj aUI j_^p cli-LoJl oj^Los ! I^JIj 

f*\jJ\^ t^_^\ cL^o>- tCo ^_3 <Loj_^Jl «Li_Ul j j_v2_p- ^j_P ^AJwJl 

Jo I wL^P <2i_LoJ I AJo Jo3 LaJoLo I 


oj_A •^- ; rj^ > 'j aSsJwO-oJI ^JJ>-l3 AaLo>co3 £-A OjL^jJlo A^LiJl j ^ jJ-*JJ 

4Jo>-lo|j C j^-il (_£jJL>c^oJl AJwo-3 jo J_L*JL> 1>s ^jLiwoJl 
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C A-o-L*Jl j (. 1—gJI aA^JI ‘Uj^-La 1$1a j c C-o 1 aSL^Jo ^1_p 

A^-Ul ^^>-^1 oL*-Ul ^j-A AoJ>-^JL> ^o-L*Jl ^jA>c-oJl <r\jj\ ^1_P wLpLwvO Lo-a 

.-LoLa £_sL ^J-xj ^xJl tij^' ‘-bj^’ ^"° j-*Jl 

AwaL^JI)) ^Jl oLjJaJI ^jA ^S ^3 a *}L> ^J-p aJ-^vJ-^vJI ( Jw<>juxJ 

LwoJLp L*_>-j-a (JjVl l)j-S\_> c-*~a>s_> aalSUI o^ja>~1j . ^AJJLJIj ^ j-UJJ AjJ^ jJl 

L^j>-j-a LaLp LLxS" uLJttJlj t L^*-aL>- LLlT ^jLJI Oj^oj <. aaJLJI aLL> ^3 lij j_*-a 

^ | w<>w^«»V»-) C A»JwP J • J ** ^ 1 j\ J^-lJ *. >LS aJJ.} ^_la_*_j J-3j c ^j-woJL^-oJl AaLp 

(1) jJ^AJj A>*Aj AP j_<a>c-a La ^_Lp AaJ-AL<>J1j A^>c-ol I ajLjJLl)! aALS" 4_LwvJw^a 

ajJLJI j a^-o-L*J1 cjUJlJ a.■*./?.oJJ 3 jjlLa ^sLv^l ». ->LxS" Lo.5” c Loj>-jJLa L_jLxS* 

« ^C- 11^ *,1'? ■o-U aL*»*«»L»»L I oJ^ ^3 0 —Ao—o»J I 

CjL^-aI ajLlSsJI L)j^j L)1 L^_La t^- uLjaa J^3j a— iSGl *Lau 1 -lijj 

^Lp j-*_> jwLs^ 5 A3 aJIj l LwoJLp j>^ ^ajJj-aIj c aaJLlJI aJ-L> ^3 a--iSU1 
(1 )j5\J <1)1J (. o3jJ j>c-a aIs a-J^L>a a— u>o 1 (1)j^> ^1 (l)lj 12000 

( 2jP AoJ>- j^Ia O-^vwJJ A->lxS\Jl L^_i (_fiJl ^Jl A*_UL AjJ^SLa Lg-LP ^^^l A>e-wAJl 

^3 L-A^JaJ L_Lo-p a>c_^_jj jLl^JI ^j-v^ j-* Oj-^j ol 1 j-^>-1j c ^*“1 

J*>U>- ( j-A Aj31_v 2_13^ 1 AwoJjJl A^L^-P ^3 CjlSvJo^lj AJ^ilJl 5j-^J>- 

• -!l ^ j^-oJl (_£^X>c^Jl o^L»j 

APj^j>c^Jl oj_A JJJw2j OwL_*-^a A^liJlj ^jJ-*JJ ^jJ^Jl J-^P cii-LoJl AAJ-a L)} 

^^-ll Ao*^“ j^JJ Aoj_*Jl AoJg-L-oJ 1 ^Sw> 1 (1)1 ^jlj t (wALSsJI ^j-a 

^^Lp j t ^1 Ij J^ j>d \J Ax^s-1 ^<Jl j AoJ>^l!l ^3 aJLjJI o 3j->Jl { j^J3s>C J 


a^>c_L]1 ^5LaI L *£ cjL>c_}^/ 1 a^-j-'-* j 


■cr^ 




L^_j Lao 1 


dilwlS”J C AoJg-L-o^l 1 ^3 LajL^>c_j| j-^ 1 ^ 1 l^- 1 1 ( > _£^1 t '-^'Awo-l_*Jl 

oj^L-a wL_aJ (1)j_*_)Lo ( ^j_>jJl aj^aJIj ^jLJJ j_)1 wL^p diLJl AoJ-a ^3 

. 4JJI s^S' lI-LLAI 


-ft 1431 /3 /20 ^LJI 

AiJlj f'<jjjtl! -Up UJX«J! Aju .^j~-*>j 

',-w, ■ ^_Jts Jjl H 
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JjVl 

CjI jlJlll 

Circuit Fundamentals 


Introduction 


A^SLa 1,1 


4< J A' CllljliillJ A_J£^2I (jjj “UjliLoll CjIjjjUI £-0 CjLijjJ&YI 

inductance L CjIa inductor CiULdtj resistance R cjUjILJI 

.^Jill Jjja l>° 4 j..-VV- j ^capacitance C aju^JI CjIa ciiWi^.dl j 

i J^Au CLiIa djl jLAI a2 jj J Al]l jLiV I ,-> Lol oaIc- (AHa j 

R CjIjAj CjLijjJ&YI CailjA Iajj (jl l 4 '-N.J til .Lille. Ar-UaluiVI 

* 

.circuit theory cjlJ aII six. Uij*j 2_Jja tC j L j 

Lo^ac. ^ All j jiljl ciiliuilojl a_^1 ja]I tAlh a*j - ^^ 

4-lj j jli£iy 1 Cjl jl All ~j ^ ^ 'Vll ^aj . 'J ■ ^JJ J ■ (Jl Al^J jl l,.a'N..J~a.a 

passive elements CLiuil jj &j active elements <LAa\\ l$ja j * r ^j 

J amplifier J power supply A As Sa^ 3 AJj ciJ a jj^ 

aja*jj . jJL. A/D converter j /^lA Ja* J oscillator JA^ 

jlahllJ jjAI jll sJg.vl JjjS SilLa clllj.;^.V' (jjjAlil AJ jV I dll jIaII cAIj 

J0 Jj\<) jLuJI Ajjjjj£l'VI cLil jIaII IiImiIja AklS _^oj 

alternating i-j jluJI jUJI ciJ a Jjksj ^direct current DC >aAAI 
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Cibjjjj 4 semiconductor Jaljdl <-_ad»jV dLAH 4 -ijAill j ^current AC 
aJ ijVl CiUiw^dlj ^transistors jjl^jjlJillj function diodes Adajll 
dil jldY' ,-.jA * >>"i dil jbj 4 operational amplifiers diLLuJI dddd: M j 

A_d^)]l d 'VI ■ I e-ljj dJdil Jxxlldi Ij.ja-n (_ 5 ^j 4Ajx3jSI diLjj j j'^IV I j 4 S jik. l --«tl 


. diijliVI j 


Dimensions and Units 


dlia.JbuVI 2.1 


JIgJ JAlA^IJ 4-^1121 j ^l^)C. jlj^llj jIaII dld^.j C_lU£]l 11 a (J.A*d.tlJ 

c . ; dll -^.^11 i^\ t jLxjV I (JjIVi (jj . 4_i]j.JI jl Aj^1a]I dl A«v^]| (j-G Ax-^a^-a 

dld^.j (jjljJ (3^-^ (J^d (J-g3 . ^aJjIx-g <_£I LS^ ^jVI SjJaaJI (jl 

^j-G (JJfi ^)JC. ^ic. jj!i*]l tAjjojLoiVI AjujVI ^LxjVI tilliJ A_»-ald]l A_IjIjl-a]I 

N (jjjdllj S^j^Lg 6j^ll ^jlii]l (jjjjij cj, c^IiLgs .Ajldll d 3*rsVI 

I aJjIxaILi 

(j-G j\\ ^-J^a -r X Aldll : dl JL2kj ( F — 111 Cl 

lAS^ixllj J S jjiull J idW Ld ^lill (J-GJ«JI ^ a ±lj>]l ^Jaxj^j 

(j-ojll JjJall ^jj-g x aJj£3I dW dl-i^j i dW = F dl 

6 jA^aII <c-UaJjoiVI ^Jaauj . SjALg A3LulaII ^9 Alx-aL^JI ajLiJI ^^A $?/ j 

:*£A*flj W 2 i=l jlL 

dW 

1 “da JjiaSI AJ^)-a X aJj£JI P dlljiSkj 4 p =- 

dt 


(jk. .due. 4aJI (jc. Jid jLw-o ^ (unit) Si^jilj .djljjja d^aU. (dimension) j*jJI dj »j 1 
. A-uiUfl dllA ^.jj ^gjljjjall jldall ^uil JalaJI ^dC- (■ _ )>jj • Jju ^jc. ^jjij od^j Adjldll c^Jldll 
.(jx_)ll od^j XaC. (Jj tAdjldll ^gi ^IaC- l^L-a_^J AC-UaluiVI (jC- jdddll s_isu 4(J11 a 1I (Jdfui 
)».a\I jjV (J^ cP] *■. I>JJ lAsUall 13 ^^) L_j\d^]l I^A ^gi I >^»jl (JaxjjoU Lljl Ja^.V 

. ^jx^aflAil (Jd 
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A vaVU jAj l $211 jliill ja 44^*2 Jjjj i_s'^ j^J\ jIAallj 

jjlj^SU jjsj (jjll g V’Wjs-^' 4jaJill (jajj <J2 *a Jlaj ^211j tampere 

te jjJ&WI 4_b>J; yjfc 3jufL3l ^ ^jj J jIaj 4i^_2 ji^l (jl .coulomb C 

SjjaS 4.W2o (Jjaj t j_jlj^]l i—Sj^atj (jiajj . j_j]j£ —1.6 10 ^ (_£jLjjj 

Ajjui jlij l^laii ^gjll 4‘i-vjuall jl t^jjjp^ll 6.28 10 lx 'g4 '•>■ »*\l <L d-i^. 

;4a1jI CIAaIluA j}A 4 £<^a^a jjj^ ^ ^J£i .jilaal 1 (_£jLuii 

:_J ~II iill21 ^ A.'i^aaII 4 jKII 4 i-v ,'M1 ^Jaajj ,'sjlc. Cjljjjj^lYI 


Q = +ne, 


n = 0,1, 2, • • 


^1 l±^,^JA (IaIXu 3 I 4J1C. (_£jlaAl Lgjl (_^l 6 ^aSa ^jIAa ^A 4 it. .21 j. 

.4 a a8 a l^j jS (_£l ‘4\ .*11 AjjI^jaLujI jiJIC. (j£l . jjjj^lYI 4 1 T - : ~ Cjlic.LjaA j}A tiilLua 
•C j)A I j2i£ 4 'j-v - : ~ 2il ^UalAjl a ^ djl.Wj.'Ii (jV Co^JjjllA 4_}la. 


Basic Concepts 
Electric field 


•• £ 

4 _LuiLuu! > : a Lia 3.1 


cA**» JiaJI 1 . 3.1 


J < 2 , u^All jjj F =kQ x Q 2 /r 2 'ijS ^^ic. jjlj£ uF 1 ^ 

4W> : ii J£ (jl (_^l . Ia^Juj 491aua 1I r j ii_u2-ull Clulj _jA k (j) e~n^» ‘St 


•• s s •• 3 * • 

(JiLa. .lljj 4 W > a (_J£ (jl (_jliaiA jpa t(_£^ji.V! 4_iauai]l "o_jij Jia. (^ oJ>^a.^A I Ag 1 a 

41^^ electric field E JlaJI Uujju <jVI U£aj 121 .l^lja. oja 


:(_$! t4 w > : >ill j o_j5 ja^. 


E = 


F 

Q 


(1.1) 


Cjjj! 1 jjj rn»ii a!j£> ©jail I j] o j3 lJ 4aj ^ 

c" i Htii UjL^)^ tilLo) ^ CjjjI lijj tJiaJI c“ n>*)i A W kIi 

. ^-jauJaiA-a]! 

C5 ^ 
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a w jjl ^ic- (_>^il ; cJ^-d^ cJ^f^ 

c^j oy^y u^' W^j ‘'d -E =FlQ x =kQ 2 /r~ <2, 

.4 W A ^3 Sj3 4_jl ^ic. (J^JI ^J] ^jxt\l ^xi&li-dl 


Voltage 


H*& 2.3.1 


L-^l 4 potential difference j>^' <jji J t voltage j£^ 

Vliijt A.q^^i jj jj^i jljlLo Jj Ij^iaj Ijl .WOfk (J-aatd) (_£/La. (j-o 

4 /' — QE 4J-Q c_S^)lailj 6 ^jC* ’i j 40^3 

volt Jaljdlj j-lil (jhl I 4.1fr>ll i_SJ^)*J IV'^-aJ 'Vn-\ . dW — QE ■ dl (J-aaJI ._gic- 

I^l t4 .'Vil 0.1^.^] ldjAl-dl (J-oadl 4jlj 4 V 


IT 7 dW .. 

<r/y =-= E dl 

Q 

bj 3 Jia. 4 1 7. .'.M B^ku-a 4^1 jl Jjsljj Y > II (_s^ I ^yiu^a l^yij <jl ^ixj Ijl4> 


( 2 . 1 ) 




A.,4^ra^j (JaxJI (jc. ^Jl 2.1 A_i 1 a*JI .liLdl j 

L^L-a^j 6j4ll Aj-uo£j«JI A-AaxII ^Jasu .V = j*£ •£?/ Sj3 (JiL^ ^3 ^Lol£j 

:^l 4 J**]] gradient 

E =- C ^—, volts/meter (V/m) (3.1) 

dl 

4 l-ii^. LoijL^j ^jjdjL^lLo cl^j^ 4 _ixj <J r f±xjj ^ic. 

(jjj-ail 144 j (jj\)V^a ^ 4^l!Lo 12 lA-^g ^ Aj^UaJ (Jj^j 

.1.1 J^iS ^ 


1 n ) 6 10 Cm (_£jLujJ Jjt2l 141 

^jj jj£]I ( ^jJaj 14]i . E = 12V/0.1m = 120 V/m <_£ jLolj aja2i (J4^. 

6j3 ^ >>-k ^ajJa 


-1.6-10 19 -120 = -1.9-10 17 N 
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ojljC. 'iJuli (JliLa A oLalilj j 

tf O f 

Jjai^a (Jjia. l _ s ^ la_^a._^a (JliSilml ii. t^3.1 (JiLaJI 

(_5jLoij .lie. ^Ij^SL]! JiaJI oA»jj ClljlS Ijli .bibj^ !kia. £jd <_£jj.llj 

tiilui <-a j (jl£ IjJj .1 mVcSjLiaij -i^-?. 1 m <S^ia ja ^ (jj£j tlmV/m 

. .'Ig •%!! viilj < ,~i' (jS^al Jjqna.all j (jjj iJj-aJ 



. (jdjljla jjiuJxa (jjhjLi^ (jjj jlaJI ^ E q ailaa« ^jL ^_S : 1.1 JLJJI 


Current 


jUil 3.3.1 


-Oaiaj Q A Wajj (JliljV l^pLa c^jLull 

^Ic. A m a A-Sa^j CIjI^LloJ! _jl 4 n» a A \x 

•(j^j • 6 -Lg La jjoiLo 

'-f < 41 > 

kiaJill j] Benjamin Franklin jjKilji <_>^l jjal Jl I jk»ij 

(jaa. <ia._jAlt dll ’-N rilll <£Loij II olaliVla ^A^abl -liaj jlii]l alalil .1.1a t4aaja 
(jjj (Jaaal_j]l lilluill J±c- 1.1 (JSLaill ^ I jlull <a!ij lil .UjIj^£ !)ULa l§J_ja.l 
^Lu (jaj t(_£^)al 4aalj (j-a .4_ia_jA]l A ia bll (jjaij olalilj “bjUafilj (jaiaaij-aall 
Cl1 ialu (Jaalj cllljjjjkll <£^>a (jc ^Vll jab lilLu ^JJC. jLall jlii]l (jl (jVI 

(jl£ IjJ tiillj jljE. I^Z-J • (j^JuaSl*lLa dljjjliklyi J jliill lAlalil (jj£L lilj .4 jJLjo 
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C' faSl diLl^juaJ V ^iuaui (j-lArklAx^-ill (jjj 

CllSSjj cdlljJJJ^IL j Vjiuaui jl£ 13]j jLlill aL^jlj 


4 •* 


Power 


SeUal^VI 4.3.1 


_J lAlij^)jJaj ^}ixj AC-UadA*»VI 6^)liC. lj«l^l I3j 

:<C>UaJ^Vl ^^ic. UL clQ/dQ 


p _dW__cW_clQ^ _dW_dQ_ _ y 
dt 


(5.1) 


dt dQ dQ dt 

lj»j! (jjjli ' g Ai.t-1 (jj^j . jjlillj . ~lg ^11 f.ljLSk Ax.1 In'nuV' 

. diUjjjjSiyi ojula CjIjUxII jSI ^jc. i 


Ohm’s law ^jl 5.3.1 

(jjuJaj AjL^jjoiI 1 **\\ w >?'A\ liajj Ai-k-ajl_ii]l (jc. ^jVI ^ U 
^1^11 (j-o tilLuj Jjus cj- 0 cJ^ 3*»>nj ^c- ^jLuJI (jl V] ^jIj^-S cJ^ 

iLijlj^)^ (JjjUJI <xla23 . jLilll (jC- LjA_^ 1 <aV'i-sj ^j! 

tilLai (Jail <- ^9 6^ ) l“ ll,K4_<oj ^2 liU . Igj-a A-laaj (JS ^ij 

4_mj (jjjL^j]l cJ^ (1 y* cJ^-^ Jax*j j\\ jli2l (JjjUJI 

6j£]| (jU 111 .IgJ iaLij^jVI <> 9J» ^ LflJxSjjj ^9 A^.! j ^Ac. 

^Ic- _jj» >.s-i ^niaj (jj^ c ^ (j£a. (JC- n ^l2l n-i\l 

cilia cJ_J J ‘- £a ^ ^9^ J] 1 —Ajjoj ^UJI tilLai ^9^)Ja 

LajIj 4 W A\1 ol^J h4^JLl 1 *\\-\ l$\ (j-<uJa 

_ujL^J cdL> (j-0 ^C. jlij ^_W >a\l ^a_V 


Jlsu SAa ^.IjjI IjLjj ^ 1.1 jiiaaL -a ( _jjj Aj^j-a^All Aj^Uaill jjl Jn'vV ^ 

(jjj ^>JC. Uiajl (3^A} (jl (j^^J (3 LaAic. tillj ^jc. lJJ •-^ a 

• c“ il W klij 1 Jjl5 I j ^jal^aij^all 
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tilLaJI ^pUu J* tdiUj^jj^lj i^\ (jjjU^ll ^ 3*»»j V 

qa JJjtJI Clllj A_Jj 

^jlt <Aljj j£\ CjU ijJ&tyl (j^ (jjli <jVI <-gj 

djljj^jjSlVI (jLj JjSII (j^-^ Jslj (_^l jl ^j^IaJiII ^a 

A>llaj^J <jl ^Jj 1^)^. ^^3 (jl g-lV'V ixjjIj ^3 6^)^ 

^aJ cUalili t.Vnj^J .tilLaJI ^3 6 jjj£J! ^jjjLajJI diljJ (j* jj 

4£^p. ^jojJJ .^Ull aJ^joiI^J £- jLoul! ^J] 4-ijlj 

^)ic. _jLaJI ^jLiill lil .cIjLq jL-aj]l (j-a JflUll Jajaij]! (Jaksi 

CAiJJjilVI (3^-^ 4-^.1 jJ A ^jULallj l-^A L) -0 C5^ 

. CIjLqJI ,A)\\ ^su A-i11j1a]I CjIc.^ jLuull AiUal! ^)3^J fiA-oll cilL ^^3^)ia ^ic. 

a \x^a cIjIj SjLoII 6^.1 j resistivity p 4_ic«^i3! a^jILoIIj 

^^3 JiUU (JS-uoll . ^jj-oAx-aj <L^alill ^^-La-uj^ll ^aLobollj 

> s= 

Al c* ijt^ 1^-jJuj R 4-ajlLa]l ^Ja*J t2.1 (JSua>Il ^^3 Ua3j 

!4JL}Lx_11j A (^jlojj A x 4-^.Lui^j I j^Ia l (_^jLol1 

R=Pj (6 1 ) 



‘-u^la3 jLui U jUaclj p ,_5 jLuii Ajfr jj <Lajlia u)j sjLi iiL 'Lajlia X-L^s JjLaj :2. 1 jLu^l 

>4 AjjaS-a A^Lutaj / 4jjL 

(j^aSljjjj . ^ 1 J>(oq\l (J_jja jLlJ jl A-a jlLa]l Jjl jjj 4 (jil 
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Ajislillj A-ojlLall i—ljiLa .Ohm 12 ^ jVI ‘LojlLaJI 3 '^j Lai .^laLall 

4-ajliall (jjLuLj .siemens S pAa-ud l ^ l^j^jj ^conductance G 
p = 10 12 (Q-m) ij jLuL Igji Qja. ^ 4 yt? = 1.7 10 8 (12-m) ^Laall ajc jdl 
(jl Jja. Jalj (JaiULSI (jl ^^ic. i_s jL>jjj jjn.ajqll (jjj ^uLi Jja ILaj .^L^.^ 1 ] 
jl-iia (_£jjuj Jib V Jja. Jjl& ^Ls.JSI (J CS^J ‘ jbJI (j- 0 ljAj£ IjIbLa Jib 

. b_lLa*JI jJjLlaII JL LLag-o j (l»J jLii]l (3° jLL-b 

jh JJJ .<j3^)ia ( _ s lc. (Jjli.a Jb La JSUI JJC. liable jLjdll 

jLij Jalill jai lilj 4 ciiLj jj£ 1LU LS lc.l baLL S^yjSdl a .ajqll jj ~ig -^11 

llj] 4 jliillj bg -\ll (jjj 4J.nl nil CllAj <LajlLall j 


V =RI 


(7.1) 


jIjj JAJ Lo3bC. AjI ^^ic. (J-salj jl 4-luiLuil A3iic. fi>3&j 

^ ^ \ < a . .i' *>2.1 J<;will «aJ_^ ia jIjiLol ^ic« (jl ^ Vnj t (JSlj ^3 

a.L<^.a l^ j -n\1 £^1a ^11 I ^j! (jial jiialjj .7.1 As^lxll ' g jlc. 

.c-U^aSl! ‘^jL >■ S^joiLia Iflb^aA V (j)-3 tA-AjULall 


Joule’s Heating Law Jja. &jjl3 6.3.1 

ejUjjSJ] SjjSIaII CjLqjL^jI! (Jiij 6 ^j3xa ^c. jLjj jjs3 j ^.Uj! ^3 
lil .Ajj!^)^. A_^.j3 ^UjjI ^Jj AjJj^a c^Uj AfiLla (J3 xa]I cilli dll^pj 

A-oj ^jj AjjI A§Ua A-ijlj^^]l A^lJall A \j > uj A^ojULa]| ^Ijjc«I 

^xjuJI l qq-NaQj jUuaJli .Axo^jJ! SIjaJI ^3 cilli (^ 5 -^ A_l!LaVI ( 3 ^ 

^d31c« ^jAAAjtfULi tilLai^ A-cjILo ^ 5 -^ jS Ia^JC^j A_ijlj^i]l SIsAaII^ 
Aityi J^XA (jc. Jjjaull .l^i3 jLjj JJJ-O (Jjja. ajlj^ 

! g*i,Vafl 1 5. 1 Aailxll ^3 7 . 1 AJL^Lxl! A^ojlLa 

V 2 

p = vi = 1 2 R = - (8.1) 

R V ’ 
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AjjLolaII^ As^\ WnnVl ^A P j 4(J^^. (j^jUL P — I R 'ijLudt i-jjjj 

% 

^g\ C. ' ojljaJI O^A LilalS lilj -Wcltt W .laljllj J-lSJj (-UsUall J' 1 *-' 4 ! 

:T SaAl J^k Ai Z ^211 W *jJ jaJI 4iUJ! 

w =/ 2 i?r ( 9 . 1 ) 

d^xj . jP Saa jl^Ja (jjjjlj jULj d jIL<J! j ^)Ln]l (jl liA Lid^ial 

.* 

. Ja_is Vk ^jAiaj (_£a 1I ^jj^uiill (JI^jIj 9.1 ^JaLlaII 

Kirchoff’s Laws ufljAjjS Ujj\l 7.3.1 


^dliLoj dli&A j dLajULaj A la An ^)JC. (jdJ djijj^jJ ^A sJA 

^)j-alA*JI (jjj Lgj 3 (Jj-dj . ^Ia^JC- j dll _j jJjai^jl jfi j .^.rk £jl_Lo^ ^Jad ^x-alic.^ 
(j-o cA^lj ^li-o ^)Loja d! j A U\ tn ) (j^£j (jl 6^1 Ail (j5xkjj .aAa^-o Aa^ULg dl j ciljljall 

(jlJ clAjAxli AjujI (jl (j5<cn jl 6^2.1 (J5Aill^ <Lg^ULg Aj^)UaJ (JjU9 

aA^.1 j AaIx-o A.iWi a^A l~3.1 JLill (_£^)Jj • < ^- a i*- A ^l dl^jLouJI j)A AjAsJI ^ic- (_g jidi 
(jjol jj-sa ja ( j*>5n,a .lad (JJuElaa) (jiLojlLa ^)JC- ^Aoll jLd £3 Jj AjjUaJ lgj3 
.AilaJI (J^la ^ic. ^ytluiA ^)l_nll (j^ tdAC-15 (Alii Jdc-I LildaJj c jjYI . LAjoiLoiJ 

jlnll (_£jLojj Ajjlilll ^)j«aLixJI (j-o (JS (j-o (JjVI d^lall ^3 (J^IaII ^jLnll (jl (_^l 
djc. ^L±jl (j^J AjI ^Jl dLdj . dlSjVI t^kVI Ai_^)Ja (j-o 

^C. AjjUaJI jldil (_)^.Aj ^(JULaII JjiAui ^ic- . dl n^x>\l j £_jIAa3I (jdJ A-i-iJalU 

^^-ajuaJ dj's ( X-.U^]I djjju jA lAA . L_i^._^<JI l^3^)ia ^C- L-JLoJI l^S^Ja 

tAiUa (j-aioj ^1 tdUjlLJI Ul .voltage rise a^=JI V fi ,^>\l 

^^ic- A^JI ^xuaiJj 6L_l^._^<JI L^3^)ia (j-o Ac._^]l2l ^)l_£lSI J^-Aj .sillk A£.^]Ij 

>j dJaII ^ J cr^j u^' -voltage drop 5 ^dl ±> 


£-a 12 lA.Ig v Mj^LLu (AlL-aj lij t jldll c^ c ' UJ^ Aj^ In ill 0^^ 

d^)la]l £-a c_2Lui]| d^lallj tc > VN^all d^lal! 4 > vv^aI' d^jlall JaljS 10 (_^jLjoij lA.Ig -n 

^)ac. (^adl) <_5-ljVI AjjUajl L_t^.j-«JI d^jiall .jdl AaiaJI 6-li^.j 

Aj^jUajll (j'v ian \ a\)~\ AllaJI a^A jj-ad .^!>dal c > l^iuajj 4 Jajll cdLuill d^lal! 

AjjUaall UaljS 12 .1$ >11 dilj 
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:Li2j^. < A \ \C- La ILAj t4_Ia^A (_£^LujJ ^jl 

l _ l IjjJaL^j tiilj ^jC. . I ji*-£a Sjl.lll ^^2 jLui<a]| (J^^Ac. ^>11 

2X=0 (10.1) 

Jfr J^-i-s 1 l — 3.1 (JfLill J Sjl.lll Jc. 10.1 AiDlxll JnlVn 

•n=^ Rl +^R 2 

Jj-ali A ]^q‘i VgJlj I10d.C L_ 

djlj S jl J (jii3j£>-a AjjliaJJ (jllLajULa (Jj^aJJ L*n^k <_J—3.1 (J^joJI Ij^C. 

CjIjLuU ^ jx^xAI jl ^Ac- ^yranj .(jjVqW 

l _J LbJaljJ tillL (jC« JdXJj (_£jLalJ ^^2 

1,1.-0 (11.1) 

i^Jc- (J>^vsi L_j 3.1 (J^xm\ 1 Sjl.il Ajjlxll S. via, 11 ^ic. 11.1 (jjilv n 


' ^R, + ^R, 


(jl i—tajj 1 »_]■«•> o^j )\j (jj£j (jl o Skc. (c\ ‘■All jUll jkj V tjpj 

:cjlikiil "laaj 1 Skill diuul 4(_£jJ ciil<iK) . JisVI Jc- -kj jlii IgA* 
ok dluul . l^la Jill Cll'i-s i'ii\l J.le Skc. Jl Jjj Jill ill!ia. -'ll .He. (_£jLujJ 

4klJ diljLuJI J-lc. (jjj (jl i _ I'sj Jill Skc. j)c- <aliko Skill 

. IgA-a -kjlkll Alii JJc. Ljjkus IJ] 



36 



Circuit Elements 


Sj-uflUc' 4.1 


Resistors 


1.4.1 


“LoU-aU 1 a_jjoi .42 =luhj o^jIj “LajlLo 2.1 JSLill 

Clio jlLall ^iiAl .4.1 ^^3 jjj 1^11 la3 j t lr*v (j^s jj j^s-a'I £jl2i]l 

s= J> 

j-c tdlUa! j\\ AxjJaJ (JL>-a A^UaLojI -Ij-lii] IJlc. J-axIiuij 3 ^ 4 A^ajqll S^iio-all 

* ss 

(j-a S^lc. Ic.jJjuj jj£lj j^l CllLajlLoll jl jj^. Ctii^LoaVI 

jjjjilli c.Lic. j-a -^1 j-*^> jl £ j.) * x^a CllLI ^lajail (JS-uj ^ic. A_ij^J^)£ jl ^-a 


j£-ajj .^Lj^lll ^)Liil] aJUI 1 l. Vw^Ti a^jjc. &^La 

J& Cljlc.Lla*UjjVI Lai 4 (MQ) ^jl Lt-i-a]l (JI->-a 3“^ J j^l CljLajLLall 

.-Llj 1 jl 1- jl i- fijlc. (_£ jLojjS 


j^JalL jjkjLla!la jlj^fLi J J& d J- v = Ri f jl jjjli (j-aLj 
j-o £-uj!j (JL>-a ^-LL R (jl (jia_j*i^ll (j-^j ./? AjjLllI A^ajlLoll aIL^. ^9 
(JjJaSl ^Ic- JaiSI Ajx^aLk ^aLujJj .6_jI^)^JI djl^)Lilllj >11 

j^A^ll (3^ J jLull £-* A-LuOJJ jli* ^ ;1J> ^ 3.)}^ j^> '^■J 

.j-4.1 JS22I 


— 4. 1 J^JI (^ • 3^-all >11 (J_^ia]l 3 jLLj ASU. jl_ii]l C_bailjjjj 

jl ^C-^p Ail A jLa £-a ip — vi — i R (shVI) Ajh^lll ac.1LTumVI cIlojoj^ 4 ^ 
^Jl jn.all j* LojIj jSJft Lgil ^1 4 Aj>.j-c Ac. I WntiVI 4 LjjJ AaL^jI ^)Jxj jLilll 

^Jajai_^]l Ac.I WutiVI L-Lai^Jj .JaA^-all 6^)1^)^. (J_^jj l" n*\ 4<LajlLall 


AmjV L_i^)^,lj Jj$>Bj dlljLull A_Ja2ki]| jLoJ eJfl_^uj il^C-Lk-aj ^jVI (j* 

. ^Aijauall jl >11 cJ^ 1 L>° AjjISM (JjnAll (_L*JjaU t —t^l 

A-<u3 V lL^J 6 V — V (^) = v p Sill/' _j A x>jq\l (Joaj tA_m^il ojUiVI AJl^. ^ t cJjajo) 

^3 Aj^jUflall j .1J>N — 4. 1 cJfLuil! .^CrnaJI Sj^p 

. 2.1 J 1.1 (jjK t't'lll ^CJjaiAll ,1g •yll jjn^M (J^JUjoi! 
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:<jl iT A J^ Sx^^aII j s- ^ V- 4jU»-v\\l 4 r-1 Wl,AM SAaISaj Ao jlioll Jl -La^Lall 



(jili Jl u jjaII Ig-xil (i_ij ,lg_ilc- jiaA V .Ig-i. ja S^uluna SajISa (!) :4 1 JLu4I 

jjC- P 4-iiaaiil I <V.I Wl. „1 <-«l J* jaj j ( J . /? 4 ajIsa 11 jjfr j_jJalL <U Jl ja t _ J _u^ jLu 
JaJI jA IajIj JJjj AcA U",, „VI q\ Jc, A « Ua A .g . .AM Jljj ,L»j|j 4 _ia ja Jj i^LajlLatl 

•U" 9 ^! £■« AilJW SlUa!! j A. .i"; j . 4 aj12a]| Jl 


J) SJ^aoja “LajlLall djjl£> jl 4j| A 1->-v3a jVI 1 Tl^-aj . / = Y ^ j R jV 

(Jl A^a^La]| Sx.1 li’nuVI CliilSL] t (_£jIjaJ \A~s 4_JjUaJ (jA ^jaJjoia ~lg > ^ n-a 

lii*^ 131 t l21 .p =vi =I 2 R =V 2 /R <-jall JjUaj SJ2 7? SajULII 

4j£xl*JI^ SajI-IoaII 4x3 JjJjol^U liiu Jl A xi Jl SjjLaa V - //? S^aShiaII 4x 3 WnuVI 

:Jca Ul^ 4(12.1 


y 

v = -^=0.101 v n 

42 


(13.1) 


^ n-N II Mg Jl jj (_£I .i_JjliLall Mg Jl SJUuall 4 AJflllj Mg Jl 12 a ^gauij 
^J-a 1 g -a. J Jill 4llj (_£jLoj SajIsaII Jl AxUaluil ^.Mil V^ 4jj^)2 4aj 3 JjLoij 
jl SJlxall ^aall (jA .lijag LS^P*-^ 1 _Sj->-“ *V p I\[^2. JjLuil eMg ^ ^jaJjaa 

.Jllsll J_y-aa3l J root mean square rms (JxaJI J*jjJ]I ^-ajl j2*. 


44j <J^as^aII £jua]| jjA <sUa jl j-^'i.*1 ^3 jxiua'i “3ajliall (jl ^IxxajV 

:lgj]j <aJiL 2I Sal Ull t.jl.ui^, IVi^-aj 
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(14.1) 


/•t , /• 

, , V„ 2 

., , , , V; " 

[ pelt -R [ 

i clt = —— 

sin 2 t dt =—^~ 

Jo J 

i? J 

» 27? _ 


sin 2t 
2 


W (jl 4jjtx-2l &.AA L$^ dj — 4.1 (J^ > mA ^j-a 

11a ^jLojJj .V*t /lR 4>ua]l ^ ^aLujj 

^Jj Aj-aullj Ailijjuol t(9.l) (jnjA jgiJ.U (J^13 (_£.ill <2313 

.(12.1 4S^l*Jl^ ^Jajojj]! 4c. 1 WnaVl ^3 *»m 


Capacitors il Ufc a ty 2.4.1 

(jjuiau (jja. q 4W»i ^Ijj ^•4_u£jj capacitor 4i!ifL«ll 

(jjj Unl nil duljJ .1 g 'is. ±Q >11 .llxjj (JJ3. Addll lilllj JailajJ 4 l^ja jla ^^ic. V 

:3 tcapacitance C 4 juJI j 5-dll jUl 4ddJI 

q=Cv (15.1) 

"ay^S 1 aq ~M \ (jjjjjljd (jjlilslj (jda^l&i-a jpa dlsjfLall ala» a 1 alllil 

4_12.Lajai £ JloJ . C = £ A jl 5i£}L*Jlj 4j9jfLal! Mjt_m ^ )->»'lj . e^)J». ^1 

<l.^ilall <aLuiJI / j 4 <^jL^»1I <3.Loui A j 4(jjivji^all jjj JLui,jll permittivity 

(jl li*vV) dll qAA (jxj ^jjll l-l^J Vdo 1.1 (J5.'.'ill (jjjjj . (jj"l*4jqt.o'l jjJJ 

S5 * 

ib^)\k x^a IjLaC. S^ajall (JkaJj 133 4 x_ajo ^JJ ^jjj 

.(SjIc. 1 mm c> jiu^al j 

CjI*-uj ^ .Ljjjatj ^fnrnd 2jli3l 4*-uJI L2 

jl jli _jSLnIl (^4/F = 10 6 F) <2 ^)li j^)£a 3I JL^-a (j-ajja daW^^'l 

. 10//F ^ 0.001 c> JM' ^ LLc. £L ySl <(/?F = 10 _12 F) 

J^lc. Jajoaj (JLa*ILujI jl / ^alajj jl y4 CIAjljuj ^^ic. 

7 

<2ijlj ^5jLaLJ 6(JliL<2l (JjJjui ^^ic. £* 4jJ^LajaJ LijIjj^£ 


^lall Ao^Lojoj £q Lol . — £jS o 4ju*ii\l Aa^Lauill AjU 23*^^ ^ 

• £q = 8.85 • 10 1_ F/m ^jL-uj 
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gi 4-m-dl till .2 (ijjllj <6 1 £j-* 1J dielectric constant 

6 i J jlc. Yd (J^aqj jILq j 11.1 (J5Lxjj.\I 


<q £_!u-aJj . l.fl : n:v.)fl.wa Jj-sa£J <9j£-dl Aju .jj (JllLol 

^9 .4_jl j>J^xai 1 (JS-uj I 3-0 dAfll^Ldl 

# 5i > 

1-lgJ lia. 4-aJ (jl V] t(jj!ia_iaj^a]| (jjj <L^»lall o_j^a]l (j,nW'i 4<£^all Ajuoi o^Lij 


(jj^wS . ls jIjj^]I _jU$jiU 1 .og n i _JaS 1 4jjlx]l 'ijLa]l <-ajlLa AjJ 3^}SJ (j-ajl&jjl 

1 kL ^^Jl (_£jjj (jji~vjq>.oll (jjj ojljxu jiaj tJtsJI dl]3 jjjj L« Sj^qll 

<2^jxaJ (jjj .0 jl^uaJt Cjj-la. (jlSwa (jjl'N j^unll (jjj j < .~ 1 3 (Jj>.o^y (. _ inn) MjlifL&]l 
(_5jLdj ^^All) AJjlxAl 0 -lLaAI jLgjl l£^JA (JstiAl SAijj 

t(l£j-J] 6 10 6 V/cm j cjjjll 2 10 5 V/cm j **I_*A1 3 10 4 V/cm 
(jjj 4jl.ui.cAI J 4g -nII 4JV-1J (JisJI ^^Aaaj (^All 3.1 4iDl*AI (JLa*duiljj 

V 4 ,<\jqll (jLolj A qj^l-TM (j£oj (_£3]l .1g -v'l Voj 3 t,.jl>>i;?y I n5<n t(jjWjq>.oll 

4jt^oJ A jl<\»'I d j\ v5.cAl ^^Ac. ^dajj 131 . A q'^^ 11 ^Ac. ^ojljjai]! Jl 

‘(JULcAI (Jjfui ^^Ac. . IgjLuai 4-ajj l. Ill-V ^1 1 g 1,0 Vn ^gAll Jjg -nII (jAdaJJ 
A .ojqll 4jjfL<AI ^^Ac- t_gj]•"»■«]' jdi..ix\]l ,1g -y'l jjl^j ^.Ic. ojjjjda 50 V DC 4jt^o.}]l 

• 50 V 


l_$\ ‘15.1 AiCyl*]! (Jo»j>u,‘) c4j3jfLa]l ^jc. ^jLiiSI d_5^° 4jkj5 4ijx*l 

:^iiia ii =dq/dt j>«j]l J] 1 &js jL (jliij tq = Cv 

i =C — (16.1) 

dt v ’ 

4K Mill (jl ^ic. a!L^. ^^9 oJA ^9 S^JXx-all 

(jl aJjUi-4]I o3a (jjjLij .AjjIj C AjuoJI (jl (jj^, tjjxjll £-a sjjido Y ^"3 jLiillj 

(_jij ‘1 *aL .(t/v /dt =0 (jV) IjLjj ^]jj V AiiiS^ll (_5^j3a ^jAc. duliill .^.>11 

I;n-N. I.^,-^ (jVI LliiLj 13li .lg.;a JjA-ilij a^JI t4.ki5^1l jp.jjAa *UjI 


16.1 (j] cIa^)JC. jljj <ilil 

= jjc, 4jI^ 1I ^ AijfLall LaAic. t qV 6.11^-a ^ ln»‘l 
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Y jLull (jl ^5kj tl — 5.1 JLall “OaiuLllI 4 Sjb Jc. 

.l_i — 5.1 <_S5a2l Jjsj 90° —j jliill Cf- 3^-^! '&>^ j J ‘90° —j 

t v —V sin? (j^-5 lal *16.1 3 -* ^ 1 ^jj 


i =CV cos? =/ cos? =/ sin(? + ;r/2) 

90 _ji.vi<n 4 jj jail <^.1 jVJ-J ' >?*i7 t/2 4j_j 1 jll LS -4 ^ 

:_J 4i!ifLall 4_llaa2SI <c.' J-Tn«VI ^ i-i»"i j 


p =vi 



CV; 

-— sin 2? 

2 


(17.1) 



.(jLm> jUjj .1^. ((_i) .l^.jlc- Jfcjxa l/ 1 jUaiLJI) Aj!&a (I) : 5 • 1 j£-uJI 

. (Jk^W ^jjLLaJL) Luu] W c j p VUxd :4Ja^jLa) Ajlxm^l AiUali j-4 AiUallj Ag-UaluiVI 

.£-5.1 J^ill ^ 17.1 <bl»-aJI . sin2f = 2 sin? cos^UjL 

(IAAJj A.ll2k jjSjjj A^LialujVl j)l ^lc< p _S AjILoJIj 4_l^j-a]l (jllLaJall j)Vn 

^Jajai^11 Aj^OaiLuiVI (jl j 6^-Lball ^Jj d_flj£-all (j<a (. c. V'i^^ll ^Jj £ iiaII (j-a Vjl 


AiafLall .(j*s xTiM £.IjjI ^3 l^)ix-a dv jdt (jV 1^1 .(j-> tlill AjI^j Aj j)*»i\l 7 k = 

jUjuII (j<a CjUjj^IVI (j*> d\l jljJ (jl ^MVua'l 4 1.1 (J£ajj]l (jjjjl jiLail (jn*\j3x.oll dsli 

J21*J (j-aaj aJI^, ^gk (_£^ujj] 1 A^kjq>.^>\l l£jlaj Aa^aL-^all ^c- IaL] La£l^a 4 AjjUsu 1I ^)ac. (ja^all 

(j-a jj 4 Aj j Jnjill (jx Ajj*\ >*i,a\' A-aaL-all djlajja^l^l ^-jla V .djljjjj^lVI (j-a (JaLa-a 

^)j3jj <j^)L3aall Aiaiaj (_g,^»Ti Vj diLjjja£JVl (j-a Aaj^*-all 4aiaL-all 

jp-d (jc. (JjU-alaHI j)-a 2Ljja 8. 1 ( xJaLall A-aJ . (_£ A (j-a daljjjj£JV 1 <5Lla 

. djlia^all 
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L \x x^a ^jLolj Vij^k p A^UalxuVI LgI ^jLojJ 

* ^ .. * 51 * J _ s 

V A 3 i^aII <jl j*1±j ^(j^j .A*_!aL<JI aaiVIj l$jJ] jJjoj! -^3 c^J^a]! 

£J_j (_£jLojj 6.1a AflUal! Jj tAAjbLall li^L^. cillij c^iIaII <ja A5lJa 

(jV /? (jc- Ij^)A C <» qViVi lU . ^ n^.11 Ia^jju jj-JI (3 -0 (js^J 

Aaliall iC Lai .AjjI^)^. a§LL ajjL^£]I AiUal! 

tClAjuaJI «1 j^a]I A3^)*-^j • Aa£I jaII Aiauill Ja£2 AjjLj^)^]! 

:<aii£a]| J Jill AiUalt Uc-j 

1 CV 2 CV 2 

w c = ^pdt=—Cv 2 - — Y~sin 2 t- —-^-(l-cos2f) (18.1) 

aJUJI • C V 2 /2 <9j£a ^^3 Ajj j^aII AilJal! t Lg^aC- j 

a&UJI ^j-o AiUall (Jjaj i\ Jij'N ^ i)**a\1 A$.>11 aILgIaII Aj-^L^JI 

V CV 2 /4 J=uJI ailLJI J £-15.1 J122I J] -CSaUil ^ ^ ^jll 18.1 

JSui Jc. Ajjlj jiL^all Jl (j^aaljjjj .1)1 jjj AsUall (jl J • (j-aj £-° Jjl JJJ 
.1)1 jjj A§ll»!l (jl (jjij t£~4.1 JSjill J Jaliall JlVl.a\lj I2& (jjj Ijji 

j's'u.'l ^j]| ‘LajlLall (JjjS (j^ ^2]I iASliall (Jj*v.all j.^i'lxll A} La. ^3 jl j^'l.,.ilj 

.'ijlj^. Jl Jjajj £JXall j>a jl JxdjJ-j <3Ua 

1.1 jim 

J j)£j jjJ 1 /UF 4qVs,a J JAJS IjLii 6.1 (JSjuall jjJJJ 

. jlnll I.J (Jl_^all AjjjfLall tS^" L3Jl 1,a " ^ >" .AjI Jl 

i or 6 

t (ms) 


.^jU^I Y?" >alu.a]l JaaJI Jlajj lAijLaJI jLu Jiiail JaaJI Jlaj :6-l JS4JI 
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t^lill Ag all 4 Z = C dv /dt 'ijlixll ALal£^aJ 

If' If' 

v = —| i dt = — i dt + V 0 

(j ^j . A_iljl A i*N >«l A jvj'n AilifLall ^3^yh jjj jj5i.all ^2 jV I ''-g ~s 11 ^jA \/ (J 
_J g'jq'u.i.all Its \\j JlLa-all jllill u, ^~ >3t J 4 A_iili CS^° 3 > ? > 0 (J^ 

:^lij tV () =0 jl Jl Ij-^jj • i =0.01-5? 
v =10 4 (1-250?)? 

Ik. J 4V=10V jjfLl ?=2ms lie. .ji IfLa ( *Ja3 aIaLuo aAA j 
( jj£j ‘Ajjlii cs^° 3>?>0 JJ t>j .v=7.5V jjSj ?=3ms 

:J=wj Iaaj 4i =-5 mA 


1 fi . 

= — i dt +V^q — 5(? — 3) + 7.5 


v = — i at +v 0 = -D(? -Jj+ o 

Jijjj 0 ^>ix *3 jliill jj£j 4 ? > 5 ms i_JI l>°j Alil*-a oaaj 

■ V = —2.5 V A_<uall lie. tjjUi Ag all 
: Ja Laj nUiLJ Vi 3 VI ln£*.i 

lil 1 \ ^ 3 * 3 ^ i -0 A^_2k.ll • 

^ .* 

.^HjuoaII jllill Alla. ^2 Aa.jliLa ‘ijl A Aiiifjall ixj 

4^ jpsjll ^yHuiM £jlj CS^) Jl JJ*' 1 ' 1 jl jj A' t .-A V Asliall jl ^11 I Jaij • 

_J Ag all aIV-IJ Jaaii AilifLall Jl A_i jja .oil Ajjllall (jl Jj IJajj 

VI) jl JJalij (jl jfLaJ V AiiifLail jja jjj AgJI jl glilmi iVlCv ” 

(j*al Aiii^xJI (. 4i,Wn lil . (JaC. jjC- Ill j 4 AjjlgjV Clljliij ULa 111 

. till jl2iVI ^Jjoi jy ^3 A . A a i “LolgJI 4"iUjil-i'ill j^ Jiflll Jl Agall ^>j» n 
All 1 j ^le ^11 1 j A J tA.?^’J AiUall (ja lla-a ^)llLa jjl jS^iJ • 

Alla, j .Igla jllia (_g I lllii j^-«J V cAillVoll AliS^ill ^ Asllall AjAiil 

90 ^1121 lj2all jjl jV S^lilxa 111 JaalU 4(j«jll A-a Ajij-n.II lAjljjilll 
• ^ave = 0 i) cs^' 17.1 a£ 1*1I Ag^aJIj jliill jjj AajA 


43 



Inductors 


(ctiaud) cmA 3.4.1 


jlJC ^lc.j .4juUi]| jx^aLic. ^kl J" n r ~ 1 _ 

^aUJI ,jJpo ^jjll <£fL&]l jljC. .filial] ijji. j.-V'R 4jlj (_aLoil l q.■—»"ij 

A. lia. 4jjUa]l l—sLall cl (j^J 1 g 

45LUI ^^ixA tdiLij jjj£E>U c_jU£ IjiA <jl \j^j .Aj )nj^j 

CiA.fh^A'I ^ (jjilll ^)Lnl!j ^k'l (jAxlLolj (Jj ( ^^3 

(jj^. dal^xill aSLUI ^jj 1 n^Laj .djliLallj 

AijjauJI W c =Vl C V 2 AiUall <§ilc. ^1\ Jjij 4 <9 j£a ^^ic. ^IfiaJ 

1 n^Aj t IjaaiIVix a ^UL^. -ll^J ^)Lull u' L5^j ^ J 6 A^jLiuJLj .18.1 Ai^Lxll ^)a 
fc 1 x l)a . C-AIaI! ^^3 4j j^^aII 4iilia]! Jjaj W L = V 2 jL / 2 6^)LaxJI 

(jjjlA Aj^jja *»■ q\a'I cilli ^A Z> j n. q\a11 ^3 ^)La 1I ^jLnll / 

.(/ AjjouIIj V l&* Z> <^-5] 4j-*ou31j C I^jJJjUxl! 


^)I^)C. ^ic. u' A Ja^k^L&J l^j cAiLuJl Aju-k^all ^■I^VujjV 

^ic. ^ jjon Ajjj j! £aj .c. qIa'I 4 _lu ^ja A.t^aL^. ^A (.C AjcuJI 

1 g *1 a (. _)jie A^a 1 ^Jaxj ^JliA '^aj uj^ U^ x ) 

idiliJa 6^C. ^ djlilll -ja ^^*-J jAIa ^Hwj (jA C iU« 


AILuaI! 4 ^ajg ^a ^aJ^)^lll! C-Ju^xj ^a^Jj 

i j UL 5 I jj Vj liiS^ ^ k*\\ IjiA ^j] .flux linkage ^ u^Jv^a'I 

^ 4 c_jt^l! I iA l uJal I (j^ • ^ _jjJ AlV «Aj <1 .V^x a 


.IAxj L_Jj_jjJaA L \\a ^3 (^ lx a\1 iSj^-^ O aJLiuJI Ajiajl^)j ^jj 

<3^1x11 jhl n <3^lc« 6^A L =0 /i J ^Jaxj <. . L q\a!I dilil 

zjjli ^Jj c q'a\I jIaII ^)l_£lil jA i tAi^lxll oIa .(c =v /q 

^Jnxj (^ill 6V =d®/dt ^l^ljli JIaxILuAjj .AjAjJa ^joLiSajx-A 

I^jjj C-i? XAl .)^* A iS^- <- ^\a ^3 ^jJa^j^kA'I 
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r di 
v =L — 
dt 


(19.1) 


. L j jLiiil j 'il jjjj 423 LL 1 II ^dl SJjUtxll j 

. dljliillj 'ijg yj3 (jx £_uilj JLi-a diAj ^Lii L (jl <C AjuoJI jj\ 

^3 <LaxLm-all dllflLall l _ i]Luj hCHTy H ^ C5^ ^uaJJ Vlll sd* j Lai 

dwtij t4j.lld. ^^ic. <3jsLa AjSLLu a"llql ^ya sjlc. 4j^i!ill dld.j dlanlaJ 

dllalttll 5JLa. Lai ’L$ji A 10 1 (_j-a Jli-all £ai LajS l^jLdaJ^jiJ 

IgjLdjjdi £-9Jj t4_ul jA si_jjll (jjfLia t4-2LtJI dldjjll dlljlj ^ ALueduJI 

.mH j^Lall JLa-a 

■ 4jjg nM (jdjjdlll j_y ajl>^r\ Mjn-sll dl^yilill (_£jj iAjuoill jl^c. ^^Jc.j 

tZy <dajjdi i—kLa i =/ sin? jLnlL (l — 7.1 Jddl] Usj) jLjj £da ILJ 

tV =L I p COS t ijj Lay t—kLall ^jL jjH ^ ‘19.1 “U.}Lua]l sldj 

t“d.j.} 90 J t—kLall ^ jLull 'ig •>!! tjjjl . t-j — 7.1 ^ (jlaall (_33 j 

Mjl-i^lll d.1 Li'i..-L*I ^jLdj . jldJI (jaVi) v’ i ^dld jl 


• T di LI P • 

p =vi -Li — =--sin 2? 

dt 2 


( 20 . 1 ) 


A nak <C>\ JaJjaiVl <jl C* p _1 AjILoJ! j ^jall (_£ j)3Vnj 

£JL1a]I -q <5lJa L-V\^ll JjiLj ^5^-5 4 U^j •^ 1 J ^ 1(jjJ IjIa^j 

t^llj JvIa. 4j1] IaJjjuj cA-maJI A ^jjj £jj ^.UjI 

<5Uall SjUc. ^ 


jp dt = — Li 


( 21 . 1 ) 


.<aUall Ac-\ )->“l>»V 1J tljlA^j AiUall ^ 

.^Lalatll J^liillj AsUallj Ac-\ J-i - ) > »V' ^ ^ J 
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(e) 


-i tiail ^ (jLma. jLjj (<_i) ./ jLu Mji jai <_a!« ( 1 ) :7-l JSJiil 

Luui Ml j p VUxa ‘ ^ U-iN ^U, „j'l 2c.t Ul, AiUail j <» c. IIV., ,S\ CjIaIaai 

(JjjIIaIL 

-Li 2 /2 l \\x> ^9 AiLUl tLoj-ac^j 

(JA <5LL L flLall (JjSj Lallan jljjj AiUall (j! AaJI I^A (_£jJ c4-maJl 

.^ — 7.1 (J^>m\I I^a j .4_ilj Lg^c« 

(j-a 4-cA L^all t —^£ joj! j JjlJaJ ^ic« 45lJaJ! (j3^ ^JlLal 

A-iSaUl! ASjla CjliLo ^^Jac-VI c^l^jjgjV 1 CjIS jl ^ jLk j <aLL 

^9 L_aLo ^9 ^)S!Laui ^)jj£ _jLiJ .^^hc»Vl AiUall \\h dllSjl ^9 IgJLaxllujV 

• ^xJ Lxu9 (JLaxlluLyU ^lil! A^Uall Li 2 y^2 ^yu^k^\ L_AIa3l ClASjl 

2.1 juua 

^jLoli l \\* ^k yi (t = 0) = 1 A ) 1 AjAuj ^Jj! j\-p 

^A La9 68.1 will ^^9 c. flLall ^9^>la ^lc« ^jl£ 131^ . (_£^}iA 1 

qUh ^c. jL<ji jLuii 





. <_$ jiA 1 <_£ jLolj ^Lusjj^j L-flla ^9 ,\£ j jLull jLuu : 8 ■ 1 JLuJI 
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: jLull SjUc. LS la v = Lcli Iclt «j4*JI ^LlfLu 

1 n 1 rt 

i =— I v dt =—I v dt +I 0 

J-j J-j 

jlfall ISaj v = 0 tji t i = I 0 = 1 A 4 0 < t < 2s oic 

: uj^i 2s<t<3s -ijc-j .JS2JI 

i = £ (-l)d? +/ 0 =3 -t 

(_jC. (JiuoVI _ja>j l<3t ItsII o3a ^ Inn 

<jV l^jii^a jLii]l it >3s J?.l C>J ti = 0 UJ^ ^ — 3 s La^jc. j . jLuJI 

. jqx^all <_£ jLulJ ^ > 3 s ^c- .^>\l 

^3 t a_ijI (jl 4ji (JliLal! I^a 

.Lujaij L_aLJI 

Loj L_alxJI ^gajl x^afk ^jfLoJ 

(jjfL lil •O'O® (^° jljJ V] aLo ^3^}Ia ^ic- ^ AiljJ <* Jlaix jjJ V • 

(j^xnj . ^g!1uaa]I 6^)13 ^‘LgjAx-g AILgjULq (jl t _ iLoll 

Sla3 4_i3 jL<JI J_nll £-la3 3ic< c_kLo ^a^la ^ic- 13a. 4_Jlc. 3^$-^> 3j]jJ 
. ^l3a. Lxj^jjoi ^A InViVl (jl^ 1^1 ^Jaa]! A.l-a^'i ^3 4_ajIj^}£^ (Jjj^ 3 (jl 

3j(^5-a.lia jaJ ^C. jiijJ jl jfLu V ^1) AiUall jl I jJajj • 

> 

V i__sL»3l ^>JC. jLail jliill jl — V 2 Z; I ^ ^Joju (. A a 

JJC. I3A j tA-JjlgiV 3j^a. 3jJ j3 lj3jl li] Vj \A ^iijJ U 1 I >^»jl 

6_jl J ^3 ^^jJaj-<JI C. ql^lLs . ^)l_iii] n ^j-al^ikJ (_paJ^)ali]l 1 Qx«Vn 1^1 .^LaC- 

. da! jail!! tillj ^jtjj c_ i^joi cdjl^iij 4^3 jIjj Ia^c. 

4_lll ^a3c. l^)Jajj fc c. al^ll ^3 A3Uall 3.Wxt ^)l*^-^ u3^ L)^ - ^ * 

.5^Ua]( ^^_uj 33 jjj V c^JUIaII L_kL<JI ^^3 A3LUI 3 j3jj] 
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Batteries 


iUjlLJI 4.4.1 


jJ ^jIjj t-£J 3 <^5-^ A^jjUL<JI ^jl ^ic. 

Cjilc-lij (j-a AjjUall ^ic- (Jj^aau AjjUaJ (j-a IJlc- <LajlLall ^1] AjjIj^^II AjjUall 
<LajliLa]l aJ^jujI^j jJ jJ (j-ojJajj .l^iaJj i**l.W*i AjjLiajS 

tAjjUaJI l — 9.1 j 1.1 (jin .Ajjl^a. ^J] AjjIj^£ AjjLbajS < 5 Ua 

ClAj jUaJI j . t—La.jJI 4 j jUslJI i_a (^C- iS* Ja^JI (Jjjj 

. dulj J] A^Ia. A-aJ ^jjSj La.luak AjjLj^H! AiUal] A-alA £-jtla 

£jlj-a jl AjlULall Aj^jUaJI L_kx-a^j * AjLa* 'I CjLa^Uajll &\ x-Vq uJ Jj 3 

tljjlj Lajlj ^Aball IgjL A-JUIaI! AjjUaJI i-Sjx!i .AjJlfLall ..\^.,rJI 

(_Ja!lui-G Vg aJIiLoI! aj^) 1 J-a iH ^ ^ ^jJ .V A^^Ja c^liLa V B 

1 ,1 a ^0 ^1 ^-ii-all ^-q-uojj .l_j — 9.1 cJ^aai.H Ua 3 j c^Liil! Cfi 0 

A-aj3 JjJUkj ^j£-al lij (Jsilui-o AjI •ijb ^-a ^iLoli ^jc. JUL^ \* n^a 

Vg Ag-aJl ^^ic. JaaL^J A_Jl!La 3 l AjjUaill (j\ l^lajj .^^LliaLuc .1 

t^jSj fj\ (j£-aJ wall 11 a (j! ^nYu*n i^lst-a jl^a3 

<LajULal! ^j^£j La^lic. Aj! ^ \x'\ P — V jR ) AjjI^jV Ac-Uaiuil clj^laj 
(Jj-a AjlULal! A_L«a ^jIj LiA <j-aj • (AjjlgjV A-C.' WumVI g-U^gj 

^ajl ^jjjIS (j.l.lJali . jqx^a\l LjjLaui L_J — 9.1 ^Ku 

a^q ^jl ^jjj is^^ ^ -laiJI ^lc« R — V11 

L<s I^Aj ^jLaj ^ i wall A,.)\^kl ^11 A^ojlLall ^jl ^cIllLuaj lil . 

. Aj jUaJI -lil 


cdli i^JU^ajjj qa (jliLa ^^3 y jl _jl_J J Ia,^ ~n JUuxj ^jIIaII 4_k-al_^. 

.1^3 j! 4V^nn* jac. l^iU ^llall 

(_g j\ >>ij 3 _jl_uiAll ^^ 3 ^)ia ^jic; >11 Lai 4 ^)Luia11 ^C. ^\_3 l1 X1 (JjSJjj^ A-ajJ*-a AlLajlLa ^Loua ^j^asl\ 6^)1 J 

A-aJ ^)j-aall 6^1 J C^Ll® a^_)lj ^ * til ‘l cALu ^j-a AjtlaS ^)LjlC.l t(JliLall cJ^f^ CS^" • (^ 3 »« < i\l 

o^JC. ^Lall t^Loball ^^ 3 ^)ia ^jic. (jl >11 (jfLaJ^ A-ajlLall ^)L-oa ^Aj t 4 A.jp 3 .all fi^ljll 

.(_L^ajj (Jj-a3 (JljxaJ 11 (jjJA 4 >Px>i j)^-aAll j . ^L^->11 (_^jl_uiJ 
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La-iic. 4jl aiai iCjLl^jLUl 1 g lUn'l CjUjk t ^<ll JLaAL 

4jtl (_]«a<r.*a>>t] (jL/l 1 '*\ '»-L ^ j>^>? ojlj '_SjJ-u tAjlULo AjjUaJ 

4»aj3 ^yt, La -LL^jaLj 1 Ijl 4(_£jil <Al^)iaJ (Jjii ' V'^<aJ jl 

ls3j Ja-a3 ojlj Jl AjjUsuil <i*_i.j Mj]lLa ‘LjjLLlu (j-aliJI V 

•(T- 9.1 JS-ill (jJfaB 




(*) 


fe) 

-o 


o 


Ajlilj]) Lajl^ali (^) .LiilLai) AjjUaJl (ui) .Lillla SjjUaj ()) :9-l JSJUI 

. jia^]| ^ jLuti AjillaJI AjjUaal] 

(Ajjlj-a £jUaJ LllljljJI C \\ l-ilrNa ^ ,1g -s'l £jlia JiLaJ (jl £jLaJI 4jl 

^-asll jll £j11aSI tilL j.,-i Vi dil^jLai^ ^3 V»aj (j£L ^ La Jja. li&j 

^liall Lai .(S ^jC- yit* j Ua^. ^^lc« y^.y* 

6\—10.1 Jisll (JJuaII (3^J jlLa J y^.y} Lajlj L Qx«oTfl 6 4 J Lax W 

s= > * 

(IxjJa ,<jjUaJI Cjjj-aS I ij Ajjlgi V yit* AlLajS ^ usY\\ jLnll 4-ajlLal! c*11j j 
4-j^lJaji'l s-l-Lad^l (JjWi ^A Jj t^JjUaJI y *jJa 4 j\x^ <LajLLa i**U*n\ R 

Ag-aJl ^Axyiy . jIjj jLlJ jl 4 j jUaJ! ^^la yii *>'1 ^ iu«j 

LijUiallA (j-o .AjjUaJl A-ijIj^)^£JI S jSIIj Ljajl V B 

o^jar A_il^!j 4-ajlLaj l Q,x*a n S^n^ll a«liaJI CIjL^jI JaiL <jl AiLaJI 

Jfll x^a'I djLj^)Ua.l.'l (jlj 6^LoL<ij Ajj)*\x^i/a Aj^lJrail 0.005^ 

.(C (jjAiLall dili ^llll ^1 1 j^>a Aj^jUaiS ^ajl 0.15) Aj\*slJ <LaL..Q-waTI 


£-o A_llkl^l! L^jLojlLc ^A AjLxII Clilj^UaJ] A_lx-aLk A-ojj 

U^j'-^ LS^J^ 3 M _ 10.1 c5 Jj ijllail L£ ic. 
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-LjUaJ laalaj . Ufrba (J£ (j-o ^)Ln3l ^)1^)V*U J dllc-Lai J-lxl ^ixjIj 1 ,ag 
fiUi (_yakr*.\ i (_£ jLiuia]! I 1a Lgji-ia. ^J!_^la Jal1.35 (_£ jLaiJ <_£ j!iuixi ^Ic. 

1.55 cAjjUl .lill ^Lxk-a-o AjJJaJ ^ Lol i^AjJJaJI -Lilia jlij (jja. 

^a ^alla Clilj^)lla2l LLl^ • 1 ^I^aIuAj ^-aaLilia c Jal^a 

SAaj tlalji 3.7 U^a. <__£jLujj j/nlll -LjUaJ (jjjW i<a\l La £3j-a 

cJal^a 1.25 >H dill (JfLnll -LjUaJ Lot .dl jAjoi jjoiC. .Ajjj 2l>^ 

^lll t AjjJa-aaJI (j-aL-a^)]| dL^)UaJ 1 »>ijl Adj . (jadll ALLSj J^lc. VI A^i^a 
c i j*s djUJI ^ (3<o»**un ^ja-udil ALla ^ Axjo 1I *la]^ 7 Ia .^.a. ^ ^Lujj 

.(UaJ j3 12 ^g-laxlii Ll^la. dbaa jl cJal^a S ^ Li*M 1 jL*iLn"l l_g_La Ll^ld d^il (Jj-ajJ 
Jc-liuIL IgJujij s-UjI ^a Aj^jUajll ^i^)Ja (jjj ^aj!la]l *n\I ^)-aaljj (Ja*-o AW'ijj 

q\ jA 1 i<ag j Laj cL_Al£]l 11 a ^LuaI ^jLa. dLJJaJI s-Li-aJ^ . l_g_la.l,A 
AljUaJI -LajlLa ^ SaL^J (jl (j£-aJ $.IjjI ^ ^j\j A\^iW JaLaul! ^ialiaJl 

S^JXj-a Aila.!j -La jUaj (-. fljdn ^jadll -Lalll! AijUaJI (jl jLilc-l (j£-aJ IU .A_ila.lj]| 
.<C.^)lill Aj^)Ua2l ^_a Ija. b^)±& ^JU-aJj AiJJaJI (JLajdJ £-a LiaJjJj aIa^)j 



<jA Aolajlll t^LajULaj t l/g ^A 4ajLj^i]| 4S ,ja-Ail l^jja -LiLag> -LjUaj (I) : 10-1 J^u^l 

. LjLjUajIl (jj* (jj&jl ^jjij (j^ajLuaa ./^ 

Ajl^aC- -Ll^jUaJ 1^3 diix-aj 6^)1 J 1 11.1 (J^-uJI L)^ 
jl Alai^11 A-ajlL<JI ^jl _1 .53 LUIj Aj^iu 6 /?l 
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(jjLaijj AjjlAaall oAa ( _ 5 Ic. (jj^l Ajjbj^ AAI jl jlga*. (jl jl jliS 

4-ajULa 4^ <jl ^Jj l^laj • i 2 /? l 4j^)Ua-lll 1 g -q.V^I A^UaLoaVI 

4.C.l.?o.uaVl ^*jj . LjaJ Ig \Xl^ AiUa -1-liL C_fl^ui3 4 Aj^Uaill ^9 Aj\*n1 J 

AjjUaJI jl^a3 111 .4-li^.!^ 6^)1^}^. (JSjoi ^Ic- ^-laJj 4 i~R. _J ^1^.1-ill 

<C.^joiJ (JjVn (jl j)£-aJ A_j_)\ ^9 6^)3 jIaI! ^JUall (jV AjtjaJ! Squill 

x-Vn ^aJ Ijj A-j^Ua-ill jL^AjI ^JJ (_£jjjj 6 


Jlio ^L> (R.=0) 


X R l =oo 


XX° 


Oaaiil 4-aU R«0 


AC ,li R,=« 


JjIJj *-* ^jltll (4 _j) . jJtw J^a Aj jaaja A-AiAa AjjUaj (’j : 11.1 JLuJI 

.£jlill ^iu1 (jrill <rra (?r) .JjjcJI 

^gAc. ->g mj c*llj J!La .liij) ajjy.'ixi j)lj AjjIj /^ (jl lj3j»o jV I (jJajjial 

. A_jjl l-i ill (_gic. ajLlj cAjjI i_g^ Sjl-lll (J1~N A j 4(1 11.1 (JSuoJI (_g3 ‘LojlLoll 

La ^—ic- (J>^v\ i 4^10.1 AiAjtAI) Ag •N11 i_(jjjlS (JLaxJjuAj 

y B =iR,+iR L (22.1) 

(jjll (jl 4 V l —i R l (Ja^AI “Lajlia (_gijJa ^^Ac. (j ji-xA l , 1g ■>" ^gJaxJj 

I_J 4(jAJ^.jLaJI A-ijI l-i ill ^gAjia jjjj I > >ijl jg lij 

Vl=Vb-M, (23.1) 

(J^ .'Ml ^^3 jjAA-a jAj 4—R (jjLuUj Clulj Alj-a ^jAUuia }-T*v AA.ll*-a ojAj 

(_gi A_ulj jg£AI AS ja-all o jail (Jo*n11 jSjIaII ,1g -\ll (j jLuiJ 4 j jl . 4_l — 11.1 

jlull (jjlioiJj . Ajl*sl.l]l AjjLiaJI “LojlLo ^gAc. Aajl^AI '•$ j 11 Ajx LajjAa^s 4 Aj jl li ill 

:(22.1 AilUil l*-ij) A-AjuAjouII Sjl^ll sAa ^ t/All 


R +R, 


(24.1) 
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OU-oII ll3jj »A-j_ )\3-a(J jaaj t/? L A^qjULa ^-aSljjj Lo^ic«j 

iv L (Ja^\1 ^IHaII >11 4aj3 (jialLkjlj < 32 ! jjj i c_j 11.1 (J£joJI 

i^ljj 24.1 j 23.1 (jii3!)lj«JI i 1 o\i .SjIc. I^js i_ijc.^a jjc- 4 -^jTi 


=V, 


/?, 


+R, 


(25.1) 


./? L 3-a2Uj £a Vg (jc- S-btliA LiL v L 4 -aj 3 (jl <. &iA 

LuJsiC .1 cUaJl ^SjJaII >\t (jjfLa 6^1 .!> £ 31 ^ /^l ) ^-qj V Ia-IaC. t^jjj 

-lajlgJI >\| (j>*qVn ^(/? L ~0) (J-aaJI (JJ^ La-Iac-j cV l ~ Vg (_£jLoiJj 

-iJ jj ClilS^jai I^jjLsu ClAjjju-a]! 3!*^ La 3A I j& j .Ijj^^j Jj Ja^J! ^Jc- 

C. lUrtJ L_liia l-A-U.^ 6(JliL<J! jjfjoJ ,<a .. u<r °" ^ 

Clii j.jg Vi A-ix-nUI ^jSII (jc. JSj >'l j . IJlc. £.1 33JI i_.fl.uSj CjI >"i 

. ^Igilj Jj ^jig-ill C5^J 6 W1 lAAj <4 jjIj3£S]I 


^Jalflj A.J-aq'i A_^.l _ 3 j-^ AajLLaII 3 -alljj jA >'l 3 iali.rk.jV (JaJlj 

^ W ia\I (J* >\ ^ l_i — 11.1 (JSjuIII^ 3 Jaj \1 V"b //? j \) >■ *»11 3 ^j^uhaII 

Cllli ^jllall 1 ilxula . L_ 3 — 9.1 cJSjoJ! ^9 ^IIjaJI ^ ua\Ij 3-alaJI ^11 L_J 39 l 

. 4i.\S‘j ^AoIj 3 ^SI diUj-o ^i*-a 03 J* >.si\\ AjlkU! <ajIL<JI 


AjjIj ^Sjj 7?. ^1! jlLJI 3 I LUa jj^l l_3 —11.1 (JS-uJI 

A-ojlLa c** n'qj I jj (Jj^a^kJ Lc (jVI licO . /? L (Ja^SI <ajILq 3 . 1 **n Iau^ 

3 jaJ Aj^UaJ tillj <£aI 3 Aj 'A-ajLsa]! dj^jiuj AIIjIj (Ja^'I 


A_jjUaj ( _ 5 -ic. ^ikn j .CajIj 2 Lic. AiUallj ^Jjjail ^»lc. c_J— 11.1 ^JfLoJI ^ ojl^ll ^ 

(Jj*_ioU S^Lijuj i4 n>i\ -s <11 AajatAAi <j!^ *^1 \ *\1 n^i«a ^1 u^i«a 

e j 3 ^jUaII oilA -^JJ .<allallj (J^liAll ^ ti^l^) J vx>ll 

.l^Ujaba j\ UjUja ,1g •vll (jc> ^)iaill J AajI^aj 

Jc. ialtoJl 6 ^\_£j S^Lj^ ^J! t^S^a-all .~\g 7. j/i^ij 1 <i'ij\ ^jj'N >>n\l -la ^)3 (Jj-aii-3 

I^Aj t(^1^^^11 I~R ^jalLall ®^0 \p = vi ) Ajc-Ualui! 

-all ^3 A^JJJ (jl ^ 1 ~^J <_ 5 ^ 1 t S^IjUaII SjIj^J! b jj^} -^0^ 
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(JSLaill lajtJ . lyialla i_si j Vibill ^^Ja. jaiiM jaj ^ ' tr - 3 j.l 1 ^1 ’*.-~i-o aaLilalj 

3 .la ts^] ^-^Vl JiluJ <•" ^ J -> tAjjUaJI £Jjai AjlaJ jlnll j Ag ■%!! ^Wia ^—11.1 

Ajlalj AxijLLaJ allijlj t (j*\ >'»’ill “LallSI Ajjliaall (jl /.'ill 3° ^j_bjjj . £Jjaill ^SlLi 

•i*yj .V L = y B l-^yj i ~V b /Rl 'J^y < j.^ I » 1 u' <j^y ‘(/?,- ~0) » 

j^Ajla (jjj Ag -vll J t24.1 A3vl*ll jLsiJl 3"“ lK t(i?. =oo J £Jjaill 

. IjL-a <25.1 A£)L*JIj ^^Jsuuall cA^ojlLall 


(_ya3lii 3& ^v> ll V ji-all jLiill “LajS (_ya3ljj 31 (Jjall Aj-a^La. j 

Axsjliiall 3 I lA? ‘V b ^yj^jaw CS^y ^gt AjjljjySLSI Al j.all a jail 

AjjLjgiail a£j-s <\ll a jail 3 ] (jaljj^l U^y IA1 . Ily ajjj£ ^ J > a"' Ajla.1.21 
3 I . Ila. ajyfl Cilc. Ajla.1.} A-ojlLa £-a tAjl.-^/l 1 g'i.a_ia LS Jc- ^^Jui Ac-jlall Ajjliaall 
lAj-aC. ^Ic- j AjjI 3—i j 11 ia Alla. ^ic. . \«aTiar.*l Aala.l.}ll AjjUsllSI “LajlLo 3 ] 

•(^3^') 


ajlj J» ~s j 3 I t tj-a^ll (Jj^aaj t A-ljl In A AjjUjg^ll A^jausll 0 jail (jaiLialj 

laaJ (Ja^aaj iAAlaJI ai& IjL-a 3j^J jlyll 3^ Jl Ijlajj iAa.j!iia AjjUaall 

Alla. ^ AjjUaill ^ J)a jgJii ^All OyaAl 3 J .V L = V B 23.1 AiDUil 

AjjljjySLSI AS j~\ all S jail (Jjlyal J AyljjySLII ASija-all a jail j& Aa.jjia]l ajl-lll 
3 "“ JJ^I) l- 1 ?' ®^y^ A-ajlLa 3 .I 1 g J (jaLlio JLaxlLul 3 ^-aJ ‘^ 2 ^ Ac-jlj Ajjllajl 
. _ lll~Tn V jy3 tAa.jjLall ejl-lll jill IAa 3 ^ 3^11 Ag %!! (jaLiLa yjjlaj .^1Q 7 
A.)m.lllj l^la. ajy£ (_jal_)Lall A^jlLa dljl£ Ijlj .Ayiiill allaC-V lia. l)lju>i 1 V] 
. Aj jUaill ^ 6 Ig-ilax.) A^-ilil! Clijl£ 4 R 


A K > J t^usiPi Aj^jUaJ! ^LojlLo j 

I^A ojjIoA. ^jjjLiLoj J)\jli ^jjjLiLo 

.jJ! ^Lik-a-o (JjUS (j-o A k\* »^i\l CllLijUaill 

. ^ Um\ \a\\ ^ lit (jjjULall 3 I e-ljyVI IAgJ 3^yJJ 
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^ic. AjjL^)£^]I Sjil! A^aLs) 4_iikl^ll A-ajLLoll ^Jaxj .^Vn^s 

Aj^)lJa2l ^9^)Ja (jdJ S^jjxILq A-a jLLc jA o^ j^Jra.^k (Jfll *'j^j -^bAsc 

■lie. .Vg 4-aj3 i- .Sa^J V A-Oj9 ^ U^'l j| ^jl ^CjjOlL A-0 jLLall ^)jjtj •V L oMj 


gLa CajI£ jj j ,A j\*sl^li A-ajLLa]l A-oj 9 A-ajLLa]l A-oj9 ^jLjjJ 4-La'aill &La 

^UjI (j£-aJ l A-j^)l 3nl\l (jjj 1.1^. S^jjar no <LcjlLc £jJaj I^jV 1 >*ojl 6_jja^ AAj^Jal! 


. jai JliJ JiJjW *1 j^i 


3.1 Jlid! 

A-ajlLaJ Igkq^li C l^joils-o Aj-iix. Aj ^19 Aj^I 3 a.il A.jAIaII <LajLL 2 l A-OJ 9 

.^ajl 1 Ujljlio 

.Jol^9 1.5 (_£jLolJ Aj^Ltll ‘LajLLa]! ^9 Vg (jl 

1 l g**^j9 A^qjLLaII ^9^)la Afl^k.ll (jaiLliLj i L_J 11.1 J£jull! ^JJ fiA^xJLj 

. i?. 0.2 (_£jLulj n Ja^iA ^ vxj IaAj 6 -^_3^ 1.3 cS jl-^ AjI t^ajl 

^jLojj t i =1.3 V/l£2 = 1.3 A (_£jLaij $jIa 1I jL<2l jlillI <jl J] Ijiajj 

./?. =0.2V/1.3A= 0.15Q a-jULII 

Voltage and current sources jIjjJIj £^ 11 * 5 . 4.1 

A^.^a (J£-UJ ^-Ic- (jl 1 ^ La^-oC- ^ W £jLla ^) 9 jJ 

^3;JaV,i (. (jl lllaJl j .AjjUaJI Ag L>°^ £-* AjjIj IAjl cAju^-c j! Ajj.ia. 

# > 

A^oj (jj (^\ .La^aC. Ag y\\ £jlj-a LS^ 0 (JjjLaJI ^JaLaJI ^9 Cli^^jJa ill [^Aid-all 

^9 ^UaII ll9j t AjAI A <LajlLa £-a ^LuiLjiLa LJl^ lx \\a >.\^a.S 1 cJ^ (jg^ 

% 

AlU. Aj^jUaJI jfm'i ^Lll (J^Tu^ll .^,^11 ^ 11 ^' Jsl^V .i 12.1 (J^aIuSI 

(12 V (_£ jLolj Ia aj jUaj aIU. ^ v s = 12 V jLuC.1 (j£-aJ c"n-s 4<i-o 4a-al^ 

.JliLall (Jjiui ^gic. 
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L_T"12.1 (J^-uJl (JJJ tjljjJI £-AAa jA JA C5"^"^ £-jill J 

^-AxJ • ^ 12.1 (JS-ulll ^uaH la3j i ilg-^JI jc. ^lijjaua IjLj ^JaxJ ^J-illj 6&jaj 

t -^■■ 2 k.U IajIj <L^a jJ jLnll jill^ CjUjaJ jj^a ^ic. L£^ij-axlt Jra^kjl 

^1 Jig-sJl ^-ilo a_ajIL 2 l£>Lk <^llij) AjjlgiV jLnll ^/iaI AjI^WI a-<> jlLJI j! 

liL^aa^ 6 j^x-all / s (JliaA j-aliijj ja Ia AjLjiaJ 1 ‘^a’i lij (J I 6^jij-a]l (JjLojJ 

j^AJ AjV t ^ qjq^..SI ^1UI A_1 ,ij^.j V Leila lilA .A_^jjiA S jl-i ^^ic. 

a3LL J 

A_1j-ua^o ^A-^jjAa •ijb (jl^ AjjlgjV (J-a^ AajULq ^1 jj C(JU1 a 1! (Jj In) ^^Ic. 

^ AjjlgjV 4-C.l WnJ ^Aj * p = i~R L (_£jIjaj <C.Ua!Ld ^laA £JJa ^jla jJJ 

111 .A^.j’^aB Sjtall JJC. / s jLnll JJJA jLuB £-a!g jl (JaiLojI 

jlull Ua £a LlC' jSj aJja*3ja A_)L*Ji AajULa IajIj ^ qjq^B jLlill ua jAjJajj 

£a Jj-aj j j-1j jLlill nA ^9 jJa cil jjj • 12.1 (J^ wall jJJAll 113j jaIL^a!! 

jAj . /?. jjc« AJbLuuj / s jj.ii cjjSaaII J^julll Ia£ ^a^jj^a Sjli^ Ja^. 

till a! AjLaa dulj jLlJ ^^ic. JaSl^J jl j^AJ dll Jjlaljpl JJ Aj\a* 11 jlilll £jUa 

jjl^jj La-AIc- j^l . JajJ! dA-ajULa ja £jailj (JI>a\ ^ 12.1 (J^jaB ^9 jUaB 

. .iLa. j^j LS ^ 0 J^uB 6 4 na^ A^ojlLa 

jlilll /? L (J-«^. A-ojILq (Jj^ajJ 6^ j^JI j^ajl (Jc. (Jjj-a^U 

/? L jilojlL<JI jjj i s ^jIaII jlij jV I ^ j^\^ . 12.1 (J^joJI ^ 

—12.1 JLslI t Ja^JI jIjj j ji^. ^.1^-Ia Lia-uj j j /? lj jjc. I ili , R. j 

CL_J — 11.1 (J£joJ! ~n'1 £JJaJ j^aLkll 6Jjiij jlj^ W^a\ 1 IjA jJJJ __^ 

.Ijij-sa /? L Lo^JC. !jL«a ^ix-aJj (Ja^\I ^ j-aSLili jL-sa^j ^-a Ail 

jIjj jA tjj-aS Sjli jVI ^lill ;(Ja^\I A-ajILo JJC- jL^I jLiaII ^)«■ t 

^jl cAjjL^jV AajIaa jj^i Lo-lic. ijjal A_i^.li ja j . / L = / sc = / s 

• V L =V oc =/ s /?. Ja^JI ^ u^ij cA-^j ^aB SJJI <JU 
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Jjial jUiAj ( J W'a jLu £j!a (t_i) .^y A j jto . Lj-i. JjIa (S) :12-1 JiuJI 

‘LajULa jjxj l\_ jLuj H_ J^aJ! Cil jJu ( A) w °;°“ jLu £a!a {Ji .^Al* jLu 

. J—12-1 JluA ^ " ^n«fl ^a U.La3 /? L 


IfLj Luis Jjjaailj ^jUaII jfllSj 6.4.1 
Source equivalence and transformation 


••V* j' 


jIjj £±1g ^X-U^l (jjfLa (jl .all (j-G (JjjJ 4(J-g^JI A-gjILg ^ya^J Lgj3 


(jjAL-a ^3 £±Lg (j-G <LgjULg J] Jalj 10 Ia^)IaLg Ax-UaJjoil i" 1^3 Ijj ^1 !Lg3 

^»l £±Lg • (j3_9-lix^]l <^11.3 ^3 Jj-g ^A Lg A^^x-g] A3J^)Ja jj-G A-gj (Jjjj] A_j\^ 4 Jj-^l 

(jl*_AlG li! AjJ (Jjsllj A^^xj j)JC. jill jjjj j31£j A-gj (jjfLj (jl c. ^ j li] . jIjj £a1g 


.A_ijlj^)^]l L_ul_^JI ^-flllkAG (j-G (JJjBI^Lg Ul£ 4/? L jLnllj ^p" (jjdij (j^U‘n*)<G 
/? L = 0 Ifr^GJ 4 (Jx^ll CIiLgjILg £')*y J*J (j>4 LgjIS j3l£j]l (jjfL (jl L_L^JJ 

lR l =0 LgA^C- / J^q\l jIjj (Jjaij (jlx_llG J lil 4(_£^kl C'\\ xtKi ./? L = OO J 


. (jjj3l£j-G (jl 9 \ \aW (jl£ 4 7?. 


LgAIc. V , A_^.jjLg]I 6^)1 a 3I Aq y (jjd£jj 
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4 . . j 4J1J 1 Li] jk ^ji 6 1 ]lA ^3lS!i]l ._^ \<~- a Lij 

(jjlx.ll ^«j«-».\l Y^" ^.j'uj Ljl-lJ li] 4(JllLa]l <Jj±ui (_s^C. .£jlixll (JJJ Ixj^ 

lil .y oc =v ‘25.1 Ai5Uil iiijj t / sc =v /R J <1 U^j *t—13.1 J522I 
a jLu Ua\.5x £_iLg \ 13.1 lK >«\1 •nB n<a\ 

^_L1AJ U± lil 4l iUj C5^ C '-5 «R A-OjULo Ajl-o ^ jflLllI ^Ic* 4 / —V j R 

V JJ^ J-G jljj £-lixi (JJJJ L_l- 13.1 cJ^JoJI (jji 4 AJ £-^i-G J)\ J 

A_^,jjLg 6^)1^ .^.-Skj 46^)l^a3 (j^ / sc = I J)\-£ R £-g (_£jdll ^Jc- 

“s'l £±1 g c_j 13.1 (j^j •cJ- a ^ a-gj ^j^fL V Lo^jc. V oc = / /? 



.AJ £jilLa £±Lg £-g jLlj £±Lg (t-j) .Aj ^tLa J_ila £x i£a jjla (>) : 13-1 JSJJI 


4j£j%.a'l a_jall Lajl-i V qc JiLaJ ‘4a.jiLall ejl^]l Alia. 4j| 4_ua!5laJI 

£JUx jljj Lajlj / sc (J!ixJ ‘ j>^>q]| Bjlj 4JU ^gij ^ •>]! £jix] 

laau ,» liJI 4xjlLa (jl 4lj)g mj ^'YnniVI (jfLaJ 4jl iil]j Jil l_a' ..~i' . ^gSlfLall jl_u]l 

/? £JUxll “LojlLa (jl Jiaj ‘13.1 JLSII J] sjjJLj ./? =V oc // sc -j ^ 

l_$^y ,1g all £_Ux (Jila. jjx jlailLj (_£I Ci]lj3l£lLa]l ^Jx-n ^gi ' g >«q'' 

^gil£j t R ULoiLoij ^ i wall ^3 'jx^a'lC. jV 4-la^a /? 

AlL^. 44^113 ^^Ic-J *(^ — 9*1 JiSSI A^q jlLall ^Jj AjjLAiillj 

/? 4A-uiSj Cj^ 4 ^ o^ijl R L$ 

.Aa,SjIj 

xv\l £jliall (JxlqjI ^jj1i]Ijl 9 ^x^aall bj)\ A_^.jU^ll 6^)1 alt Lll jJ 

tJl!Lall (J^f*-* 3 (^ c ’ *13.1 jll tilij (Jjj 3 ^j-<s AJa,u^i Aj31£-c 
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j-a .1^1 jj Ij jx-a A_^.j^. ^Jaau (jill ^jj-L-al! ^Vx^i^ll (Jj?Lqj jS-aJ 

J^juj (_5-^ ^-^-j-ia-<JI (Jjj 3 j-a Sksun jlg^. Ajjj C5^ j] »Aj3l^<a\l ^jLiaII 

% 

. bMx xill dAjj jjjSIVI (Jjlajij ^-3 ^-lc- ^C-Lujj <LgjULq £-a (JjoiLolLq lijxj -y 

jl VN J ^jll ^ J^. £_lLo1I A^jjULg Jj-oJJ i^JLaJI &.AA 

^Jj ^x>3a» 'I ^j^JI A^lJaJjual Jij jjk^j Ajxj J)\ & >*qII AxjLa-a AksIjiLa jj£j 

. ^-x^a^ll (Jjx-a jaII jlg^-all 


4j& jiHIj Aalmluufl CjIjIjJ) 5.1 


Series and Parallel Circuit 


jlajl^ c_fl jjoijj^ Llujlkj jiaj■*-<* Cjljl-lll a AA j-a aJjaI l_Lakk Jlk] 


JiSB ^ 6jl*l3l CllAjalJ ^kl . h jVI l* Yx^aVux 1 <.—k Jxx J c(3.1 (J^ iu\\ 

A\\ 3-n*1 k n a c_iljjai I^C-Lx-aj jVI jA U*J ^AjjjIj A.fll*k (J£juj I — 3.1 


£JJa I 14.1 <_£ jj .S.^g a\ 1 dlljl.l]l ^3 AxjllLc (J^_ujIj Aiiljl jj£I j-1jj 

> 

<LajUaII Sjl^l Aj31£a l_gjl jVI (_£JJ i—fl jjoij tA-AjaiLujJ 6j|j ^ CjIajLLq C1l)Ij £a .^...^k 
^ja*n ^3 jaj j\jj]I ja^j jl aJsl^^Laj tL_J 14.1 (J^joJ! ^3 A null &A^.I jll 


I^ic- (Jj^a^>Ji c_fljjJjjj£ jjjlS (JL&xHuAj .SjUI jj-aljc- 


V s =V l+ V 2+ V 3 


( 26 . 1 ) 


-i?j/ +i? 2 ^ "I"/? 3 / 


— i (R j + /? 2 + /? 3 ) 


(JSjoJI Sjtjil v s = i /? C 5 ^ ' ^jl (Jj^a^k 1 j .l — 14.1 Jiill Sjl 4 S <^U^j 

Aljx-a j-o A-g jlLa N _S AjsI£-<JI A^q jlLall jl ^cIliLujj jjJUJI AjjIIaJj . s_J — 14.1 


Ac-\ 3-tTu>iV1 1 5.6.1 ^JaLall ^^3 (Jjj-alillj jflljjll 


>^I>||) L-fljjai 


58 



^eq ~ R 1 +R 2 +---+ R N 


^ jLxjjj 1 jUtilxtn 

(27.1) 

tVgJ AjsISuJ! A^qjULJIj CLiLojULa]! 4 _LuiLuj (jjj V i t*a\l Lo-is 

.l^jaiaj u jL u]Ij >'l <ailc. 

(') A 


W 


+W 


R, 


^s© 


1 * R,^d, 


d. 


—W 

d. 


+ 


;© ' ‘ 


-tj 

R 

«T 


■ 4_13l£ -a JI (i_i) .Ajimluu sjlJ (I) : 14 -1 


(_jA_j]| ojji!Lall jjjlLall ( _ 5 lC’ (J^J Sjjia-sJI i_S^paVI (jl 4jjlj -ifajjj 

Q* AiLlilll jjjliull J^j a jjjSJI © (j^. ^ t(v s = V sin£ ) 

o ^j\x A^i'l JLaxHuj! \ x>>jl 4 jI V] '(V^g = 12 V) Aj^Uaj ^ Jjjs 

s—a jxllj • V s = 12 V _ _J 4jjUa2l -}£ 2 k (jc. jjUJtiSI (jSuu !4iLa3 .4lAj]l Jjjsla-al3 

Lai . ClL^C-lilj ~lg •%!! Aal jj (jj^J La.lic. 4 jj 1 la ill JbmU j& JuLuJI 

aSjIj I (jLiLwj SjL5J ■2 _ja jl 4j.iij sA^j (j-a CluliiS! ,1g -s'l La-lic- 


_jA 14.1 (jjJ.«H >1g Jill £_Ua ul^ a jj>.'u (_£^)i.lj 

jliilt ^joi (jj£j 1 ull AjjJaS IgJJ 4_ijiill i_±a_J (_£^i.l <lakj •‘LaJj .^jvLall 

411a. ^ — _II olaajljj t(-i^. -L^ja) 4c._j]Ij ~ig -sll (jj£j I .ana. + _II olakjlj 

• Jalaill o2a ^uJa Jj ^J12! jlilall j . ( Ig a Jj» >.aj .~ig all ^_XUa 


4.1 Jlidl 


jjA 4c. j.aa .a Ijl.ul.ii'l “U^kaa^a £jllA Ajlilll 

.£jUa!I 1 g .a.Vqi ^gjll 4clla!LaVI t_ 


-15.1 JSill c5jj 

j ojl^ll la. .11 .CjLajlLall 
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•N" dllj j» £-a2ai -nSS i S^xujjSi (jjjlS (JLa*JjoAj 

tUaljj 70 _SI ^daSL f.Allljj 


-70 + 10/ +20 + 15/ -40 + 5/ =0 
-90 + 30/ =0 
/ = 3 A 


dlL Sjl4l AjsLLall ojI4Ij 4 JXU 1 I 3 ^jLuU AiLaJI jbj yj 

CjLojILJI Ig51g”n«’i cs^S “Ic-LLlLuiVI Lai .L_]—15.1 J5>41 ^js a ijmSI '*S' 

^iLLall ^?JI (* 4 !* ' g 4 V4 ,_pSI ^ j 4 / 2 R = 3 2 ■ 30 = 270 W 

Laijal ^liall l^u ^511 dULkdL/l U .(90V-3A = 270 W) 

ajjUoJI J j^ljll (> .70-3 = 210 W, -20-3=-60W, 40-3=120 W 

% * * 

(jj^i-VI (jj» m41 aJojoiIjj jj*s >\’fi LLa^. 1 ^ L 4 > LS4 j3 20 v .g -si' dll j 

. llalj 60 (_5 jLul 1 (Jd-aJ 




• l^u£lLa Ajluiiuu aJj (S) : 15.1 JLuJI 


^^lillj 4L_J— 3.1 (J5>«SI ^^3 A n i<iSI tillj ^A ^^aLutll (_}a-a_jS A^jljSI AiL^lall j 

, 1 g -sSI iAac-^jajSI Ajj^jSSI o4A ^ . jLnlS i_ajjaijj£ (jjjlii Ajialia ?.ljj| ^ du-bjc. 

A 4'1-s .a SI ojl4l j> A 1 C. JJC. ojLaSI dljliill Lai 4 (jiLa jLLall l ^lc. +a*4j 

j^gAj 4(jjjdC- ^^Ic. (gjLaJj S-a d. ^^Jl l.+3»‘i jS4l ojla ^ *^iVi..i'i LicO . A ql”l*4<i 

:^lc. (Ja-aaj 14*31 o4a*ll ^ dljliill } .1—16.1 J44I ^ aauaSI SjI4I 


l l \ ^ ^ ^ ^ ^ 


(28.1) 


■ / 3 =v JR 2 J / 2 =V S /R 2 J /j =v s /R\ :^XSI dl jLnSI ^ ^ 4 ^ jl J 
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: LS k. Ji' ojdYl <£ix3l dil lilli (jc. -jdjjdlLj . i ^lall jUj ^jLuli 

(29.1) 


. 1 1 I 

z — v (-1-1-) 

*1 *2 *3 


z =v, 


R 


eq 


i—J_jiLa Ajlj aJjLlaII o2& ^-3 (jjjaijS (jjj J J-lsJI ^ j-a^ -a i S^)*J 

2j^jl3 (JLaduiUj . Ajc. dLajliall “LajlLa]l 

’ (301) 

i_ j AaslfLoI! 

(31.1) 

A i\ , i\ 0 /Y o 

eq 1 2 3 

(!) M 


_L-_L _L _L 

i? /?, /? 9 /? o 

eq 1 2 3 



-Reg 


. AaC-jij diLajULa £aia CjU S jl J (jla£jjia (i) : 16-1 JiuJI 

. 4aitLaJI ojlill 

AjuLi 31.1 aJDL*JI (jj . c_j—16.1 ^ a \na Ajial^aJI j 

U .LiC«^)aj Lt-G A_1A-ajULa N 1 g a)ax') (JgjaJ! 6 (JLa*JjojVI 

I (j,mc.^)aa3l (jiiajlLaJI Aiil^- cs"&^ A_^,^ aJBIjlSI 

R ' R ' (32.1) 


R =R.\\R 2 =— 
q 11 R t +R 2 


AidiJI o2& JJ Adi .2 A -\l Ad (jj . Jill (Ja-ajll jjc. || 3"“J (J-2J 

# * 

(jlaljj-aj-a (jtiajULo cJULg]! (Jj uh ^ic. .SjSlill ^^9 J^^Vi (jl L.i>jj 

A-<u3 (jj (jp I . 0.91kQ lg‘*iaj9 AaajULa tlOkfi Aajlall A-<u3j lk£2 LaAlj^j A-oj9 

.A_aj 3 L&A ja kst\ (j-o x^i\ lac-^jaj jjq (jja-ajULJ Aafll^all 4^ jULJI 
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LaIaxIIujI IL) La .1^. (jl A_iC.^al]l dlLajULal! (j£-aJ 

> * 
jjjli AjIi£ (j£-al ,Vnj^ .G =1/7? :<LajlLall c_j jLu I^jL ^lll G aJSUII 

•28.1 Ai^Ltll gjjuai ij (i — Gv AJtjLuallj ^jl 
i =v s (G 1 +G 2 +G 3 ) (33.1) 

s» > 

:U-o ^-aau tliUiabll t(jj] 

G eq =G 1+ G 2 +G 3 (34.1) 

• G eq = l/i? eq jV 31.1 A£*JI 34.1 a£U 1Ij 

5.1 JUJI 

(Jjaijouil (JLojLLojIj \ 17.1 (J&xlH ^3 A uva!! diLajlL<JI AfLul Jalu.i 

(Jj-a^l3 LtA 4^»jl 10 1 Ag 1a (J£ A_aj3 (jlilll 4 (jjJJC, ^)£i]l ^ajJa 4^j! 

*LajULoH A_aj3 £a 4^ajlL<JI dLa Aaj3 ^a~s 1 ^aJ . ^»j! 5 1 glAj3 ALsI^a A-ajLLa ^Ac. 
20 (_^jLol 3 Lo^J ALsI^a A-ajLLa ^ic« (Jx^aVl3 4^»jl 15 (_£jLail ^^ll! 1 g * a A-Lo1a.ai2a]1 
t ajI 30 lglAj.3 ^^2]1 j Lgl ajJ^aII <LojLLa]| 6 La <jV! ^jJa . ^jl 

A-oj3 £a A-ajLLo]I a La A-oj 3 <jVI ^a^n! . ^»j! 12 1 g"Lafl AlslS-a <LajLLa (Ja^ajS 

AjLSII *LajLLall ^Ic. tl ga a A-L.oL.ai1a]! 4^»j! 8 l^lLaJ3 ^l]l AjLjIa]! A-ajLLo]! 

. L_J — 17.1 eft x ‘^! A \ua]1 J 4^»jl 20 lgllA-lS fj jLal ALiaoIa]! 



.aJjI^aI! A131La]| AajHaI! (t_i) .LjLsjllo AiLuiu (!) : 17.1 J^uJ! 
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Voltage and current division 1.5.1 

i A 

'iJuij ^8 Vi II ^LiLa Jjja j^s 4_iLa*JI CjljlJ ^g3 (JmIul* 

Clm» 4\—18.1 (JlLuill ojIaSI IgaELal jpaj t-l^aJI AjjVil tllljlj ^LjAa]I 

v ~lg •sll £li-a i$ JJ -V ■ ’'g •%!! 4jjVj j ‘ “■! JJJ»"l 4-UU ^ l-imjll £Jjii]l <laaj 
jliill Lai -R 0 4-3?^ ^ V >" V 9 t-jLaJj t/?j +i?T (_£jLaij 4-ojlLa 

—1 Ual£o v 2 £jVll -i^a. jjfL 131 . i =v/(R l +R 2 ) csjLaua v jc. 

jLuu ^Lll i R 2 

' ■//’« (351) 
. .'ig -vll ja^a ollAj 

4__i 18.1 L^^1 (_£JJ -La .la. Jl .Lie. I Clljl£ jlj tLiaji e-liLa jLiill Ljjajj 

: i AjiaJ V jl t_laj c jjjLnll (JjLa A).lVl . i , J / ! jjJC. j2 jjjlij Jl JIl I jLj 

' v R ' +R ' (36.1) 


R 1 ^2 




•v/R 2 j v /R\ —) ^=Louj R 2 j R j J JjLall jljLu3l 0 1 -i»j j 

.* 

i 36.1 AiiUI 

• • R ' (37.1) 

(38.1) 


i 2 =i 


R\ +^2 
*1 

R\ +^2 


llluol 1 aq \\ (j-oj tjLiill (jIjIa JLoj 

£JJJ (jJC.j3 (j-o -lie. jljj]l “s'l Ai^Lc. AJal jqu£ 

^jLuiJ Lo^ic. .l^JI ^c-j . (jJJ-oj-aJ jLiill (jlj 

£-o jjjUaJJ li&j ; R 0 ‘W 3 (J^ J^-a5l /?j 

j\jj]| j -nII ^c-IjS (jj£i (jl <■ t ilWn CliljUl (Jj\Vi (jl .38.1 (j J) i. ^ «Cl 

. jlA^VI (^ Jai^JI (jaJiuii I ilj U]jlllaJ 


63 



Network Simplification 


u! j\ll\ 6.1 




CjIjWI Jtlj3 (jnWn (_pwj ^Jjljll ^3 1'i1t4m .lal 


tbllc. CiKnull ^-ojojj U-llisu Jjil ^9 Aje.^)]l ^ja Lai . Aic. ^Sdll j 

J .IgJLaxlLJ <j-a l.nlc> I Jjiaj jjSI (J-tlskJ dllj^l 4 -oj3 

one port wall aj^L^I L^jL l jj cil jjg au U^.a.1 jl La Lille. tciAij jjj^IVI 
Jiill jlxall £_jill <j-a ^ Liiall AJJU.VI fijlillj .two port ^LloII A-JjLj j 
<o <jV A_LaAVI .J"^ ^Ic. islial! AjjLj Lai .20.1 (J^ijjllj 13.1 

^ jj cJlLal! Jjijuj ^^ic. .Aiill ajiA ^jaTn aM *.all Ajjjjj^WI CjI jjg >til 
AjjLi] ^llallujj V (j^S^)£-a (J^k.t^all £-a (Jg-ajJj c^^i-aj (J^.t^a k^a 

die. ^A A.ii.all J-ojUj . Ig-a-iAg-aj I Uj fc ^j\ g “N x> JjjuaiJ Aiia-jJall 

^jA^all J^g-a J)\ g >*a Jji-ujj A.1 j)g jgn ^ilsLLujj Ae.Ua.tjgjI li \x \\a Aig-a^J 

^Jj t, fl| >>>j . isliall ^Lnl c. L^a j ^xAg-a-UI £-a (U-alxliall Allj ^Lt^kJ La 4^jjJ 

SjU jrUligjI lii^Lai Ajli 6(jVI ^11^. CllLaAjJagJI (JjjjAj ^1 till ^e.^>J Ajl ttilli 

^jjfL (illiij .^qjq^k £lia£ ^Ag^a-all j«1ij J c > t^j t^^pJI AlC. :^AjJa-a 11 4-uxU 
^Jj Sr.l U"n„l ; -i-s .>ixl LlljjfLall ojjlill ,ijl-ir- liji.n ^i_jxU (jVl lij-H 

.lie. jl g xi (JjjS (J-a3x £xs LAxuLjjJ (jV _y-sa^xs ^ ilx' “LojlLaj ~s ^j’lxi I (_}xia. 

(J£axll ^ 4 njx'll JjS A lij k n 11 ojl^ll slA jAij . R l _J (Jj-aj ^ jaJl ^gJjl^j 

^jaxxa 1-iAj ■% ^iui 4_jjUajlt (jc. ^i>il»u «V I l — 11.1 
iThevemn (jjjjsj mja^^ixi tdiliA^ixi s^c. ^jVI (_pa^)»..uuj i _ sjjujj . ■ >i^li 

. \ g ~1 x' l-i> nil lasl^xi CjljldJ \ g ~ix' (jc- jl ASjxl (_jc. 4-jJal..'.u.j V ^H ij^aj 


Equivalence 


1 . 6.1 


^jliall jjl£j <xi2lixi (_pa^)*-o ^ 6.4.1 ^-lakxill ^3 lajLxx jllSll ^al 

ljjjla.VI (JIjjIaII (jjS Laj (jVI jllilll i— sjj*j 4g \;.' Ixjjs ciL-Ujialtj 

.Lagjlllgj jiic. jliillj .'ig -\11 l _ya jLxxata. ^ Wlxi LagJ (jl£ lij (jjjlalSlxi ^iiall 
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Superposition 


4*1 jtil 2.6.1 


jLiill j ' ? ^ \1 4jjljd*3 . (JjiaxJI ^ic- ^_j94 

0/^ Igjh lilij i. o.^iT'j cAjJ-a-s Cjliilc. ^ tllll&xll j dlliLall j CjlxjlLalU 

1 J_lc 4 jU-S II ( jc. . eljl J*' 3 >■II (jx £jxl j JL^x ^ V- Alijlj 

<> jli. (^1 ^ t jLull jl ^aJI tjSxj 4_ii Jic ^jj ^ill superposition 

J £44X (jC- ( j4*a.U]l J jLull j 4 .1^.1 J (jx jliSI (_£j4^4 Sjlj 

jl _JX^X 4 jjl g j]l 4 ^.jVi\I (JjSjJ . lilllljj I-}£a j 4(jlj iJ-44-a ijc. cVjl 

(_JX IjxiS (J^ull J4i.lj £44X 1^43 Sjlj (jV 4 6.\'3X 4j^)lij Igjl .4jJll^)iVI Cjljlilll 


^Lix ^.Jx-N eliiaj ' V'5xj 4 +5 4(j£] .ex3_jll (jxSJ £jlix 6.1*4 ajl.1 

* m £ 15 

oJ^-Tk ^J-ira.4.?!k (j^ JULa (JnO'SJ Lo ^)£2jl ? l-g. jlX J ^LiiIajjIj 

^jjfL L&'u^k ccilli ^Jc-j .(9.1 6^)1 J Jl (Jj Vn 4_j] ?Jj-sall 

^paLxUxuJ 1 Al .(12.1 Jajl^ s> 4il£x ^.<ln tl j3w» jlj4 ^-44X jlij 


IJ4X3 tliljlAj ilgxx A^.1 J C.I 444 X 11 I 4 l^jlixll s.H*4x]l sjljlll £4lix * ,jxjjc- 

. 3 j^q \1 ^Jaj4 JUI Jlilxlt j .4^.j!iix e_jl J\ 4j jl_iijl ^Aix (_jc.j 

6.1 Jlidl 


. 1 19.1 JS-ill ^3 jLiill 4—jl m*.I i—iSiljilt tjux (_Jx*Huil 

(jjfiilii 4^4c-l V 4 jliiSlj Og -n\I “UL^ Jaa9 4 jItnII 4jLaxx«VI 4jLa. ^^9 

4__j— 19.1 (jjKaxil (jjVnixll 4 _jSIj 4 ^—19.1 iJSLxll 


(33344J o-la. J jliill ^44 x (jC- (444.ij jij4 :(j4jl44 ^ JX-S x (jj^J ^ 19.1 J 

:jjj . (j4xJI (33344J sJta.J -y'l ^44X (jC. J^44J ‘ jLixJI J4»j 


? =Z n + Z • n 

v s =0 / s =0 


_ 3 10 _ 6 _ 

5 + 10 5 + 10 

= 2-0.4 = 1.6 A 


.^jljxll (Jja tdij ^ , .i i ij 4 441 jl 4 II 4iL 
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n 


1-liA (j| .jaiJ 1.6 1—19.1 ojl-llt jLuull ftlauL (jaila]! jLjdll (jjLaij 4(jiJ 

L. Ulc <J3 Ua] 1 (j.0 AC. ^A=4A ^gJI AIImIaII (jWij (jill 4l_lfiljj]l 

.ojl-ill jlij j_gi Lal^u! ^jUaII Jj£I (jc. ^It jj tlgj (J^ J) JjSj 


( S ) 


(*) fe) 


1 



= 6V 




-uri 



rlrn 


0 5 

>ion 

(! 

P 

J s 

p < 

i 

t/O 

If 

UJ 

> 


3A 

10U 


6V 

ion 


jUjJI Ixa±ul» £jic (wij . jLu £jjaj £jia l^ja SjlJ 6) : 19 -1 Jluiil 



^lill AA^laAil ^a oJAilAil iR ^ <~-'■ WunNM . . 4, .iiLal! jjA j ^£1 _ia 

t (0.5) 2 • 5 + (0.4) 2 • 5 = 2.05 W li* .cA^U^i ^ pJ t 5 

(0.1) 2 ’5 = 0.5 (_^jLaij ^LojlLoll tiilj ^9 ^_sl9 *Lc- 1 WnnVl <jl u^- 

(Ja49 4 j)-vsll CIjIjL^JjjjVI ^Ac« Vj (JjfJala V L_l£l^)!i3l ££«Aaa (jl ^jJajJ I JAj ‘JaSs 

IaiaJ V 4-Ja^V AjL^JjoiI <C.l WunVlj 


Thevenin's Theorem (jjiiiu 4iAjf* 3.6.1 

tillj)Jill hUa^u (_$j 31 (_s-i=»l Thevinin (jjjjsij <iA j-u 

(jc. oj^a laauj t^jlrsll tilljl^ll j)A jj!i£ JaLsI 1.23k. (J$.uG ^^^2 .Sjula l& j!i£lj 

(jl (jfLaJ (jill 4 ,1a» -all 1 ,1a i<i 11 jjC. AjlaljtlmVI (jA (jSkAJj 4 till jl ,2 jI 

^ta. ^iIaj (jl t^aja-N ^i’ui ta,la».all tliljl.i!lj ^jUaII jpa jii£ ^1<~- (jjiskj 

i-ale >'.'i (jjj (jill 1 20.1 (J^LllI 0 . ^iVn.i'l LicO .Ajua ^LaLHa “LojlLa j 

Li j£j (jl jj n\ g ill (jfLal i^Ala tLaiLilaA 4^ null tlljlfi IjU .Lgjlj jlij ^'ijl g i 
. R “La jlLalLj JlaJ j\ ,4 ~s .a J^2 j)A 4 l]a*3JJ 

jLai ^gjl ^ii (_jjll Ai_ul]l e-3^ JJ jlaill ^jl (_jlc- jjja; AjA^)1a 
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V ± JLLall >H ^.iLa.i jiLall (jC- <jJaly.lL.tiVI Install (_£jj-ajtll JaaJI 

a_^,jjL<JI 6^jIj]I _^a V th .^l_i — 20.1 JLslI j)lj-a]l c 3 ^j) /? t h *Lajl-Lallj 

JAajj *(_£jl_^.VI -liLall ^3 Sjj jLj J] A-^.S jljll <jjoJ ^A i? t j i j 

jl-ad jt^qll jl_JJ AK'ijj cJ^JI L_jLai^. jl (JjAjS j /? L Jj-ad A-^.jlq.all Sjl jll 

(.lilaL 1 jl R th dA^J j£-aj 6 ^\aC* jjc. ^j^JI jl-saS (j jfLs 1 xm^s j . /?^ 
Jllljld jLii]l £jl-La (JC-J t j^-a3 Jllljld ."ig -nII £jlla (jC- AdalxlLaiVI) A^jjoJI £jlla 
^3 AA3l^.all A ^ null ^ic» 1 y jli (Jilin IjA j . A^lAjll A ^ null AajLLa c_j\ tu*sj ^A^. 

cSjljll jAC- jlaillj Aq -nII £lLa jl^ad . 1 >>ijl L_3 — 20.1 (J^ Jill 



.J-4^ Aa jlLa *_a Aj^uajjaj tJ jAjlLI j-a La A^jJ dl3 t-lilall AjJIaI ALlJi (I) :20* 1 JULI 
J^ill <_ 5 J-ajLLa j-a V out jv in Aa-ij ^adxaJ AJ3lLa jj nVl SjlJ .AJ3lLa jjn4l Sj|j (<-j) 

•£J^J 

..^...?k (jl ^jl . (jjjjSl^La |lj (jlli^Jjudll jJiyj j^Aj LaA3j 

AjI ^ic. (j j))Vn j A^lia A^.n'i aAA j . j£jljLa!La (jjjjljll ^3 jj ViLill AajULall jLjj 

t(13.1 La$j! ^5^. ((jjl^.1 Lila) (j nj l $ 1 (jl J] jJaiil (j£-aJ 

^3 j . ^£jl_La]l j9l£j A-uoSLLa (jj^. 4.1 ^JaLall ^3 lALj£j (jl (jjjai A h^^La aJAj 

tjiLall AJU.V1 ^jIIaJIj (jly*n La A_u-al_A. i A_jjjja>Jl £jl_Lal] AajLuJI Lii^Jly-a (jl j)^ 


C5^ J (alLJI ^gi ^JLaiAll jLllI JjI jIj ^Ic- Aa^jiaI \ iqjiLn ^gi ^jVI Jial ^ 

A^. jjLq dll j A dUUI j dt 1 * 1 ^ .all dLa JC. ^5 j . ^Idll J >11 ^lia j dLa jlLall (j^ aL^jjjJ 

AiA^)JLa (jl (_£^)j d9 jjjj AjlLlI jjt^>all ^gi (j^l .^)daidl jLaII ^C. (ajlall (Jjl^lll ^gi Jj-a3 CjlJjj 

dULall j <■" ll n^dll 4juLa-a ^ (_^Ajj l“ IJ^t 4^)dll (_>AiAJ C_Jjl n^ll jl_nl! OlJj ( _gic< L-ajl (jjflaJJ (jj nqj 

. ^aAjadl ^jLaII Alla. ^ dLa jlLall _j j JS 1 g (il Jix> 1 j J dLa jlLall j 
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4(JU1a3I (Jjjjoi ^-Ic- LS"^ (jVI nq'i 4_lA^)X<a ^j\k i4 j*s3 -i>m diil£ 

L_a jjoi Lgjli i\ jqjq^s \* \\a Ia Jjoc-Ij (^jL^.1 M‘\a ^A Jj R A-ojILo ^J! ^)lii]l (j^- 

•oh^5 jaa] liaj y th =0 j /? th = /? ci^ 

> 

Lllujl^)-ll (JjAjoiI ^)J3jJ (jVI dLoiS ^lll! £jLa 1I (j-a 

j . ^^a ciiUi j jj£ 1V I ^ A-iuiLoaV I £ liil! i**d iil ^ j . djUi j j3f£]^U 

^3 ©Jjl^ll diLisLlAll (JLaxllxd l *n£^al 46^j.W^ jjJaj-oll l«i^J L±i3_j*-a dlil£ ^1 

.^ — 20.1 cJ^juoII ^3 4 nixll tillj 4-Jjl 6^1 J e-Liil ^JaLLall 

Utiia j 6(J^«JI ^ii-o I^LiaII AjjIjj ■>*! AjI ^ic- ^i^-ia-all ^Jj _jlVn 
<C-Lla!iujl (jl C t l^j ^ill M\aj l^ua jULaJ JjaJ S^joi I^J 41* iba (jonl 

6jb £-20.1 cJ^I l£J1 •^\)^ £4^ cJLaj lilj c jlg>A Jji 3 (j-o 6 jjg >1 

. LgjuJaj (jA j)j nftj 4 _iA^)1a 1 ‘nVsA AjjI^j ^ix^all wia! 4j31£a 

.diUij jj£ 3^U Liiujlj^ £a IjI^)£j Sjl^ll d aa (jAxiLaii 


Norton’s Theorem <jjjJJ^ ^ Jf* 9 4.6.1 

* 

(_>ajj .(jjjjaj <iA ja-a Norton theorem <jjo^ biA^La t£a£j 

1 >>ijl 1 jSvN jIjj £ji/s (jjfu (jl (jfLaJ (_£jla.VI .ISi-all AjSlfLall ojl.21 (jl ^^Ic. 
jLj Lai a /? t h (j/'J'Q Ojb bajlLa (jjjjjj Sjb < Lx jILq JjLqj .(13.1 JLsIl) 
Uil Jl I jlajj .jlnll (_jiiL)3 j R | jbakj JW'lJ ^ jjl / (_£jLuij 3 jj j^j 
(jjj jli tjLiiJIj .'ig -v\t Laja ILLjj liu^aaLoil 

.bs^Jalj (jj£j jl c_iauJ (jjjjjjj (j^ilij 

7.1 JUJI 

- % 

^Pjb i. i wu-sl . R l A£.Ua!Lui! 1-21.1 ^ n;-a\l sjIaSI 

. R jbjjJ oJ_J 2 .j-all Sjl^ll JjjiHslball J tjj U q 3 

jLij ojlj ii jlbl ajjl^aJjaix jLiij .*lg.> UtiLa La& jlxill (jl ^Jl I j b' 
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ajl-lj 4iaixll jc. j t^xa3 ejlcj l_klx]l jc. <jJalxJjoiVLl ' g la-pill j£xa jxliuix 
J£jxl! Sjl.4 ^.‘iSl^x'l jjutf Sjlc \.' W "'^J . i_l — 21.1 (JSjxII ^3 (jllx.II jij t4-a. jl^x 

• V th =V 0Q '- j/'J+ Y > (Jlxa jUI V QC 4 -v jUxll ejl.21 .^,-s .li-lali l-p-i u_j — 2 1.1 
9 j jLuoj 4_ljUalll jc. ^piill V oc Vjl ' ti_l£l jill lAlx (JLajtixuLlj 

: jjixI 4 Ajjui (_^jLoii jill jliiil jc. ^plill V oc aw i tJal_ji 



^ R l 



(c) 

1 R^2n” 


V th = 14V 


( J ) 


(t) J:2n 

I =7 A 


(u) .I 4 J “USlSxl! jjlij SjU JjJaj , .jS aiCji £x 4jjxdjx /? L (i) : 21 - 1 JS 2 JI 

(J) 4 14I<a'I SJj (| . jjjxlxx jLuj 1 J ^ w « j a jllxlxl' jj£i ' flip 4 U, a 4 <^.T. 

.4jalSx2l 5 jIj 


y th =y„„ =y„I + y..." 


oc oc oc 


y tfc =9V — + 4A- 3 ' 6 


3 + 6 3 + 6 

= 6 V+8 V=14V 


(jjj <LojlLJI L-Lol^Jj jLnll £-lLa 6 jt J j AjjUaill 4 7 ? l -IpAj]j 

L> UJ^4 C.J-21.1 6 Jill ts+Wj 
V dip. *£-21.1 SJill ^2 jV! 4Clix Alallxll SJill j] .fl th =3|| 6 =2Q 

.4xal£xllj AlLxa^l jlijlill j11 /? L (jxrkj lxl3 jl ipjl 
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jlil ^c. 1 6AJi31£-g]I S jIaj IjIaj lijj 

LlA l_i£I (JLoxILuAj . / ^)Ijj ' nl^aM (jl cs^ 21. 1 SjU I 

' >>>jl 

/ n =/ sc =4A+9V/3 = 7A 

Jjj-a^-o ^u-g! 7 aja*jj ^jIjj i \a ^a a^sIS-gII sJj 6 (j^j 

(jVI 1 V^*gJj - ^ 21.1 ^3 A nu C5^J 2 Ia^jIaLg <Lg jULg £-g 

- L qr-1 JjjSJj 

*,„ =v,Ji,< = wn = 2 n 

(j-G / ^ic. ' o^ijl ^j£-gJj .AjLuia. Lai AiUa-o A^kjVi &AAj 


: ^jj'nflj 6ji^ 


'„ = ^.h/^ih =14/2 = 7 A 


. AjljoOfc (3fjoi LgJ 1 x>»jl AiLlJa-G ^Aj 

Aaalj^ilj ^ <afo »\\ 4^UalujVi 5.6.1 

Maximum power transfer and matching 

dal jjg Vl'l (j-G l^)Jj£ (jV 6(jVI £^-gU AjojIjJ ^3 UIAJ 

Aj^Jal a^c-L ulgj tillij cA-g2}Lg CliljlgJ A-ilil^. £_jILg ^)iixJ (jl (J^-gj A-ijU^^ll 

(JIjjoJI (jVI (j-®J .^ — 20*1 SJaII ^3 cilli aILgI (3-gj 

AjU21I ?Ajl-g (Jjj-aj-o (J-g^. ^aAg A^gALs (jl (_£AJI A-C.1 WnnVl ^jI^Lg Lg ! Jtl]! 

Ul3j AjSI^-gj l — 22.1 (J^julli ^3 ^--U.a. 11 ^jc. V_5^ (__paJJtlLaij t A^jjoj (JIjjjoi]| Ija ^jC- 

^llll A L_i3l^)jj ^ixjj 6 Aj*-g I^isu-g ^Ug^. (Jj-ajJ 6 (j.)\)^J AAA^)J-g] 

A nix>\l SjIaII &AA (JjLgj cLiLgC. . (J-g^JI ^k Ax-UaiLoi^U ^^hc.! AjAjj 1$-a3 

^j-G VAj J^aJI Ale. Ae.1 WnnVl liA ^ Lill g -\ V’Vl*»I j \ 11.1 (J^*m\1 

I_j (J-g^J! ^Jl ^Lg^LgII <C.l WuuV 1 ^ -s'l 


P =i 2 /f, 


/?+/? T 


(39.1) 
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A-<u3 Jj.wMj .c_J — 22.1 lMI lulu A_^jJaj-a AcAlixuaVI d^Aj 

AcA.lV‘uaVl (JSj AJL^. Jj.wM 4£^1 a]I AcAJiaQjjjVI 

I 7? L AjjouIIj 39.1 AJL>i*ll (J-uial-aj 4 



U W*i a (i_j) .£±La t^-uj 1^ jig- A^jLLaj Jxa 4 jJlLj (i) :22.1 JLuJI 

J^aJI *LajlLa AJ^Aj T| JjJj-ail ^Ku j-a tJ-aaJI <LajlLa AJV-lJ SJixall A^UalyuVI 

.Luajj 


dP _ y2 (R+R L ) 2 -2R L (R+R L ) 
dR L (R+R L ) 4 


4^)ix^all A-odS ^lixL&Il I^A ^Jaxjj 


R l =R (40.1) 

> 

^l\ ^ a\~xx \\ Ac.Ua!* jjVI cJ^ A_aA ^iaj ajlc 4_S^>*j AliaV A^jn &iAj 

A^s jULa aJjVi^H ^ a)\x \\ AcUal*.*iVl ^jl ^!c 

c/? L = R LaAic ^1 iAJLaJI &!a ./? AalklUl ^-D-Ul A-a jlLU AjjLaui /? L 

^Jaxj 4 Alina*. 1 ix>\l A-ajliLa £^a HlcitchCCl AiisljJ-a l^nU A-ajlLa n_kx-ajJ 

•_J A^a.vi^all Ac-l JaiuiVl 


P=/ 2 /? l 



(41.1) 


R A,j\AI aII A-ajliLU! 6A*h^l P AcUaJjaaVI 4AnLula ^^.Icj 

^Ii3l _P § A^lJaluiV 1 . P ' — i ^R ^j'y 4(J-aaJI ^Jj A^a.vi*a\l AclJranaVl 


: AfraJl £__LLa UU Jj 
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P s =iV =P +P' = V 2 /2 R l 

4x-ll (jaljjJt (J-aaJI pJSLj £ 2 Uxdl ,jj f_$\ 

4c.liaJjuoVI Jiij J^ ^gi < _L-soll 

.1*9 %50 ^■oh.JI 

!_J La yaS^ £2Ua 11 1 g -a. VL T| Ac.\ J-TnuLM 2j^ya I_SJ^jaj (jfLaJj 


iV R+R, 


(42.1) 


LaI Ia] Ls 3j 4^1 Jj]l aJL^. ^^9 %50 &^)I.^a 1.1 jJ^ja ^ J*iaM ^lill 

jl 4 /? = 0 lA»iic« tj?\ 4 aII 4ajI&a]I ^xlu %100 <^j*^aJI 

.(Ja^. <JjS qa 4x.Ua.uJ jl jVuJ <UIa. (_$l) R L —> oo Ia^jc. 

^ a]^C>V 1 -Ij^^aII ^ 5 -L^J 4LaIa ^ a]^» II 4x>UaJjoiVI (Jij U- 3 ^ 

4_1 ^_juo ^ic.J Ajj>\]^a]1 A^lJa]! ^1 jjLo ^^ic. (jUljj-uJI (jC- AjL^-VI AaIxj ?^a! 

(JaLxjj ^!ill 4 4 jjLj^£^]I AisLU! dlljJ dlUa^A (Jaxj V 4 JLIaI! (J-IJjjj . L&dlljJ 

(jV 4^ aJ^» II 4x>UaJjojVI 1 .\iaS Lfl^j 4-3al^ LxJaII j}A l^)Jj£ ^ic-l djlc-UaliJ £a 

(_£jlx-ajJ £.^_d I^A J 4lg_ud£j 4.)a^ aII ^a JJlilj 4_fl^uJ AxlldbuVI 4—ixA) 

6 ^)l^)^]| <.—Ljjj-oj J^^aI 1.1^. <A*Lda dJjJ JA 4 ^ ilWn ^Aj .4_ia l_J^C«^)a ^ic«j ■ Wa 

AjJi > (jl dllj 4-JiLjaJ . lg_ia 4x>IJajjujVI (jC- 6 ^]j1a3I 

<5Ua]l dlU jiilc (Jjaj I j] . (J^Aa AjI 3 ■ W ^ | j 4 L. ftjuVill 

lljlj *Jja]I ^— 0.^-1 ^ aJ^C^VI ^j^^)a 1 I 4-iaaj -lie. (Ja*]! 

. Ja^II £a ^ISaVI 

4 jLila Vj ^ aJ^ 3 » II <aLUI jj^lAxjjaLj V AiUall ^ xai.V^ a (j! (j^ 

ULc. 4 djVl jVI (JL^a ^ia .^jtA djUj jjssiyi j d^Vl^VI ^ xa).v^a jli 

Ajj^)a jjA djlc-LlaJjujlj ^..l.TkjJall ^ j!Loa JjUdj V -^L^J 4»ii*_da djl^)LdVI Ia 

4 Aj'qj ^Vi\l (j^Aj dn*\^ AjjIj^^]! ^LaUail -iJj!i] lajLkj . (Jal jl Jalj j^)£a3! 
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(j-Q A, lyqu^ll SjLaiVI V 6^/? A-l.l^J a!1 < LajULa3! 

A^UranuJ ^J^ju ClAjj I (jjJ.Vlg-Q (_5^ ^IjAaII Jjjs 

^-aII (jj -blA JjJjaII l^-iS (j^fLi V i __^Aj Sjtjl (j-o S^jljll fijLoiVI 

tilli jV 60JA-x-fial! ^Jj ajLiVI 4 -AjouI <-<u3 ^-lc-1 L3}^" ) o^A (_5^ 

Jij aJ^jujI (jK"n j 6 CjV\a*o*iV 1 djLa^lai-c ^^9 SjLSSU JJU Jdal Jj 
£ % 
t^uJa-oll ^-J^" £-a jl £ a\1 ^LgjULo <93lj-a lil . 4g>\ JaUaVl 

.*bl (Jasl (j JVll J Jh i uil l Jka “UjlxLa Jlj$ll £ ji. <xjLa* jl 


^5 n'.'ill ^jl jjc. U‘°(j, -al~»» H 4c. 1 r-i'l. A I JL 4j&^ba jjl ■‘daildll j 

,1g Jl 4lLaj9 Jxd La-lic. JLaJI Jj ^ .ahc. 4c. I Wnul ^aL (jjjjjill dll3 4 jlrsll 

(J-a-.ll LajlLa J3 j Jj aVlJ*. . -La. jjLall ajlall ~lg ~N i_L-Vll LljLoi-o 4alc- iajlJI 

J 1 1 gJJjlg ~1 (jjj (j* 45 n'iill Jj Jaill (jjjk l&l J jll LajlLall 4 .a J 4 jjLuia R 
Jil i 4jjJll ’Ig Jl £jldl !5L^al 4jA ^>JI o 4A C \* >>i j all . /? (h (jjljqj La jlLa 
.4 jLLJ jLjII xjld LLs. Jc. Ldjl (jjali Jli ‘(jJjJ 4jA^)J ILj 


8.i jiui 


Jill LajlLall (j3 ad Jl 4x3 iadiVI L_Luta.l . (j.) Ijaj 4jAjXa JLaxHuAj 
JL (JVl (jll 4-ajlLall Laj3 Ldjl t_Lma.lj . 1 19.1 (J5 >’>’ill ^9 ^ajl 10 (_£jLd 

.^^-olaxll 4c. I WnnVI 


JSdll (_^ jj 10 LajlLall jLuoJ ^9 aa^^JI ajlall (jc- (_paJ^j*jHj 

V tb = 21V JJ^- 2JJ J Aj31£a 1I (jj'naj Sjld I—19.1 

.11\)"^ jajl 10 4-ajliAll jjj A^aai^ill Ajilall (_gjLdj . R tb =50 J 

JJOXJ 1 ->J t^^aiaxll <C.liaajaiVI JL J^l (j-aj A ~R — (21/15)" • 10 = 19.6 W 

4-C.l lanul ^JaxJ laA j 5 (_$l 4 ^th _^ JjLuax ^ uni’ll Jxi~\ll *La jlLa 

. i 2 R = (21/10) 2 ■ 5 = 22.05 W ^jU dja 
Jal l"hiij\ ^j\ 10 A-ajlLall Jj <xsai&lt Ac.\ In'nuVI (jl jJb a ji-1 JJ^JI jj-a 
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AJis! jJ-a U-3^ (j' 0° l*^ 1 ^ jliLdl (jl t^-olaaJI <C»1 WnuVl (j-o l^)JJ^ 

10 lS-^^-" cJ^I l)- 0 %66.7 %50 (j-a ' *^>jl ^j^^-dl ^ijjl £-q 

(jl ^ xrfVi^j V ^aJsixJI <c.\ J^lu^VI ^^ic- (jl ^ uj AjV .ii^ I^aj . ^»jl 

^a^c« (jj ^li^. .Ijj^j ^Jaal jIa (j^£j (jl ^ Jj ^LgLoj <aalj!La (JLa^.VI Cj_^^ 


<C.UaJjajl ^ 3-aaj (jl (j£-aJ t-laj^kl^a CS - ^ ^J^^>-dl (j-a (_£-ill t ^).u£31 (Jjaljdll 

.Lujij 


Mesh or Loop Equations 


All *Jl ctfjU-4 7.1 


l_j£l Jill ^1 i<ajLuJI (JiJI (Jjl^la aJ t^lljhil Jm*J ^l^jj I .o n*\ 
loop <alijt (JjWl La& tjjjlUi (jijjjaj 4-a J (jl V] .-LojV-o JJC. t(jjIjqj 4iA^>Xoj 

(J^J I .og ILojujoiI (j£-ojj ti ajj-ijjSi j_jjls > _ 5 1& (jLojaj tnode s> Vq» II (JjWij 

CjV^UuoII (j-o Ajz .^Jj (jllnifull (jljlA j .(j-o (_^Ij Clil^)lj 

(jl ^pliS! (j-a (j^l . JjaI>JI jaxII >j j^)i]l Cj il^)\_£j Lg_iS (Jj-gj AjjVI 4_i]a^JI 
<-<u3 .AjjujL^ 5JIj AjIaILoiVI-J j! tljj.li CjV^I-*-g £J^)I jl Aj^Ij (j-« j^l cJjl-^ 

(Simulation Program with SPICE ^Ic. ^j^U. ^Ujj 

.*6^xJI cjlljuill JaJ <UU*U Integrated Circuit Emphasis) 

(j£-oJ Aj^\j jl (jJj>g i djI^jE ^ic- ^)j-ajkj L_fljjai3 tllA Ijfll^Al (j^ra^j LojS La I 

• J^—XJjJ 1 ^ t i' ^ 


&LJ Aj^Ui (JL«ajl A "b.^kx 11 . Ciil.^U^wa^ll i^y^x \ Vjl c_ijjoj 

(jj^ (j-°j •o^^kc* (jjj Cj!>Lx-aj]l (j-o c^l jA ^jillj .jii^l jl 
^3 AJaLaUJ (J^ll 1 VlSLaj tdil^l^ll p jjj A-ujl^)-i (j-o (j^a^raVill SjjJbuall L-ljl^^JI 


jA b (jj tb —n +1 (^jIjoli SjIjiII ^ JjaU^II (jj (jAl^)ll eiiajJI 
^4j^Ij cIjIj 6^Ij 23.1 JLslI .U^k- ^a yi j c*6^)l^ll 
j i j <al^JI I^jLij L^a Ua (jV^-^-dlj .2 1^^ (JjAl^k^ll (_^jLoli lil .(jjj^k.j 
(J-a*lLaij lil . A'V^l^k I (jl (jlilll i 2 

*^2 J E (10.1 Al^L*-dl^ ^-a-U Jjjis 
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: 1 ttkll (43.1) 
:2 AikJI 


V =R 1 i 1 -R 1 i 2 
0 = —R j i j + (R j + R 2 ) 



U& jLaJI jld) (_j ijliaASI j jLu j^Jaj jjjiilj dj SjlJ :23.1 JS2JI 

.4£j 2I1 J4aj JLaxJiuilj R f 


d.jjj c (jiiljljualt (j»o jjoijVI *_SjUl ~lg -\W (£_jUui) dljj» >^i dkjJ 

% 

(jill-lla-all (Ja>J . I -ag l<a 4_a^jall ^2 -yll dlijoA 


v_ 

~R, 


ViR.+R,) 


^ 1^2 


(44.1) 


l^a cl ag jKl jl (jJj^i-all (jjjliill d-V ojLil 4-Nj'nll diot/Ti 151 

jjl . (jdjjLall oldVI (ju^O _jA AALuill ajLiVI (j3 jLAH ^la^ll oldiVI j)l CS^*d 

jLnllj . ^u3 j"4^ll oldVI (_>d j& <ALdlj 4 j& .1g ~s II £_do jjc. jLall jl_ull 

jLall jldll I- 0 ! .Idyl ^u3 j"4^ll oldlVI (_>d _jA <Al_dl j 4 i 0 jA R-, j4C. jLall 

IjjjjalaJI Jjjlyj 4 R t djlLall jjc. 


v 


k r, + r 


2 J 


v_ 

~R " 


V_ 

R , 


(45.1) 


4 imiAi ^jJslu) ./j aAI^JI jlii old! (_>4 uj /?j d jlLall jlyj (j3.Iy jpj 

ojljJI o-l^J jil (JJSJJ 4d ?I5L&1 ,i 0 (j^ jj£l Idlj / (jl ^ifr sjIaSI aiA 
cLajlj V (_£jLuy R 2 J /?] L>* (JA LS^J^ 3 LS^ - V (j^ 4 qjq-\ (j-a (_gjlj d^jIdJI 
•(R 2 j* V’ /i? 2 J ‘^i J* V//?, <jl (^i*j 14 a j 

.ojlj (jl j dl jlyj i. jl >u*\l Allis “Laic. <aj jia 4qWII (Jjld ji'wj 
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£j-aa. -l).laj jjfLaJ <iV t Cilia. 1U <lLumII jjjSij tdil&laJI dlljljj CllaJJ LaCix3 

AaSI ojLijM ^jCali a^J Injunn <Cajj .dllilaJI dlljLii ^ya (_5jaVI dlljljd]! 

ojlcll ^gS 4C- aJLj! ulU 1 ~1 '&«[ j 4ljl*-o b —II +1 (JLaaliioil j^a V Aj jjH 

. (jY_j£a-a -la-jJ I21j tjljjalj 23.1 lMI ojlc gi .lajj .a.all JJc. -Ij1aM 

. 4jjia. jLiL (jjlikj SiaLi J£ (jl ^dal(3^J 

- " i' ^ j ■' (Jjiaj nml'i ^lill dll jlnall 4.\ .al.n g n> 'l jj! 1 4_i_najlall tlilfLaJ 

14 lijunll £jliall dllj dlljlcll 
. C^a. £jlaal jld]l £jlda (_)Si (j& (jCaadual . 1 

<c.L2l c_ijlac. (jlJjj olalill 4iila jUj £jdaJ ‘SjIdSI gi 2al_j4l Cc. .2 

. 2a! jill c.ic. a1 jganH Cj! jliil! c.ic. (_£jLuii .Scali J£ 

£_da .dililaJI djj/cl*-a i_ii£ilj 4lia (_)Si ^^ic- ,1g all l_Sjdijj5i (j_jilij (jjlia -3 

t4bljt-all j^a jjjjj/l i-j^)Iall 4ilaJ! is.i_ja._jA]! ^jlial! J_j£a £-lAa 

^..n ie.LiaaV I t.. i'ia~l 4_uu_j . jjAJjf I < 5_jla]l .ig all dllia_jj& £_lAa_j 

(J_jad l—ijja gh + isjLai!) 4-ajlLa (J£ glc- ig all dll In _jlA AjjJaS djLo^lc 

. ^“La_jliLa]t jldiil 

Cjl jUj -ll. ’la'll (Jail S_jAlaJI_j 4jjja]I dlj/ -lljua]! (j-a ^C. _j.aa .a jjj/1 dLc] .4 

4ii^)Ja (JLaaJjoilj Sale. dlV cIaa]! (_)aj_j .^J!. . [ . j [ 1 _j /j AqlaII 
^3 oJuIaxa]! 4ajjlal! ^JL-naLal!^ ^alj£> o^C.l2j djliuual! 

1 itj^aa d-Lttjoi^) 0^)14! djljljj djlAlajl jjl j .4 j]-iall Clij/jl*-al! (3a 
<3 g ln» j dlli (jl j/l tiaa 4c.LuJI L_ij\i& (j^JJ-^ 1J lal flC-1 

o * o * 

C—flLjaJ .AJLuj ^x^aLlc. dj|j o^laLilxi 

o % 

CljLa JnQ'NnQ diLajlL<J! <3 JjL-a-0 ^3 j! tilli 

o > 

jlLol! ^A (_5^JaS^UI (jl J t4_L-a]l Cljli Ail^JI ^3 

. g.Ua,2k VI (3^^ 6«liLa eiA 43j3x-^uJI 4 _i1j lil . (jjVql^k 

Clll^jLnll ^..a'^..' ^)l_£lU (Jaxjojjj 4_L^j 4ij^)ia _^3 M* II (JjW’i Lai 


76 



jjj L<u3 ’'Jg 7-II CllY4x-a]l jx <C. IjlAj la-lSC. <_)£ ^^3 

IjA j] lijli csjljlll i-jUatiJ , ~' \\ qU II j iWi (JLaxjj jiaj 4j| ^Jl l^lajj 

. Aila.II ^ll^aLa Lja^C- ^llill (JliLall .-ISjJI jc. l-llja 


R , jULal! yf- jLoll jl_j]l 


9.1 jmi 

t24.1 (JSLiSI ^ A niall ojl2l 

• 1 ^ ' I-t <1 . I I -v I I J 



.Allii j£ jLu 1 ^j3 ^uij tiilj SjIj :24.1 J£*iil 

d2lj < _ 5 J] 4 %1 ^.11 li& j t Jac- ^jj3 4 .h^-s ojl2l ^ 3 ^.jj 

1 IVs.nj jl .oj!2l ^ £-j^)i]l CjIjIjj ^-S .ll.W'll A lii^oa <ai^. CjV-iljua 

.ojljlll ^3 33ljj C2Ij A^cj jl A h-^^LaJ ^Ijjjjoil 

(j£L3 .13 <2uliSI <■" j i"iUWII CjIjLj jl IjJaj 

^Jjjfl a ql^.11 j^ jpUaj^lj .CililaJI ilSJSbua AjjS, (^Jj (JlSliVI I IVs.nJ t^LajlLo 

:^ic. t 4 j]tj]lj Ajjliilli 


V 1 — (R j + R~, +7? 5 )/j -RJ 2 — R 5 i 2 


—V 2 — —R 2 i j + (/? 2 + 7? 3 )z i — 0i 2 

—V 2 = —R 5 iy — 0 i-, + (i? 4 + R 5 )i 2 
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a! j>g xiA \ f.l c, \ Vi^aj 4<jjli AL^iaJ djVolx_LI 4 jIj£ SoIcJjj 

_jA^aljc« (jl L_A^Jj cS^laLUc (j^£j (jl <■. djLajULa]l <3 


!Aj]Luj ^ic. c “ Um ..^ LS^ j *Ll^. J-G 


V,~ 


(i? j + 7? 2 + R 3 ) 

-i? 2 

"*5 

h 

-V 2 

= 

"*2 

(i? 2 +i? 3 ) 

0 

*2 

- y 3 _ 


~*5 

0 

(i? 4+J R 5 )_ 

_h_ 


. -Ii2k. ^ 1 <- Qju^ <^^-0 ywi'l 6 JA (jl C. L£ ■la.^V 

(jlj cl 4_al^J| CjLqjULg ^j*a ><q JlaJ (_£^}la3 'jx^-a'iC- Jjl jl tillo ^Jj l—flljJa.1 


11 ^Jj A_iuii]lj ^)-oVI cAdljll Ail^JI dlLojULa ^ j> < a'N < a (JLoj 

.jjaj^l a^.jI (j-0 4-^. J lOA J c3 Ail^Jl djLajlLi ^ JA“\A (Jj-Oj eiJIliil 

J^cjjj ^3 Oj,g ^.11 j ClA-ojlLJI ^j3 <^jC. ^aJ^jtlJlj 


r 


' 8 

-2 

-5" 

h 

-2 

= 

-2 

5 

0 

i 2 

-3 


-5 

0 

9 

_h_ 


AL^)L (JLajcLujIj a! j)g ^k^'l dj1jlu]l Oj-ldil dj^ljll CjVoIjca]! aOA Ja. (jLaJ 

(j-o JjVI Oj-a*JI (jlLo Ojg >" Oj-oC- £jJa^J i j L<u3 ^ic. »djl ijy x^l 

. dlLojlLJI <3 jkx^A (jdx-a ^^ic. (JjIslaSI Lajdjj CjLo jULal! A^jLx^a 

:Cramer’s rule >*lj£ Soc.lL aLIj^VI <>oa 



1 

-2 

-5 



-2 

5 

0 



-3 

0 

9 

-- 66 -( 


8 

-2 

-5 

199 


-2 

5 

0 



-5 

0 

9 



= -0.33 A 


^ ^)*_x-a3! djlliJtLI <1V oj L^a ^>dij q\ V^j3 


•24.1 (JLaJI (jOajSiLI ^u£lxLl al^oVL jjsoL jAj c/j =0.33A 
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(jlSLa ^3 -1 yaC- ^. ,~i c ,i*J <£jl_do Ailjiaj / ^ jl_i21 l _ nu^jj 

^—Ic. 'J.,-n^ "i dU mi's 11 jdjl -}*J . dLojULall <3 jAisia y^a ^2211 J^axll 

(Jfuill ^ (jdjjLall oldiYl i 2 oLajI l qHV] LdJ li&j . Z-, = —0.53 A 

.24.1 

'.R-, LajLLall ^ jLall LS Jc. (jVl (jfLaJj 

i R = z,-z 2 =(-0.33) -(-0.53) = 0.20 A 
LS 2a*Jj .(JLlAH ^gJj ^^ic-Vl y* R -, JJC- jLiill I3& (jSJjJj 

R 2 

y R =i R R 2 =0.20-2 = 0.40 A 

R 1 ^ic-l ^sl^-all ^-g-3 liA 4_nJa3 Lol 


RL — 11 J RC — 11 u!jb Ajlajll iluljiHlj 5Jjl*i 1 Cj^bJl 8.1 


Transients and Time Constants in RC and RL Circuits 


a ^3 (_j£3 . RC o _jld l — 4 ^5 -a y dLajlLa (_]^a 4jjfLall ojl.21 ^ adi 
4_ixUiij 'ijC .'u.oVi LajLs t RC _1' dljC yC. 1^)3 i" l,Wn 


.ads.1 y A ay .1^1 y A^a jULa ^^Ic. 


y^ayiua ^3 4j ld3 4-iLa^H dl jjxjH Jjj^jll <■■ 1 ±H » ; 


13 aj .-dliill \jg >1'j dljLillU yj ~'<g' ^2 liili tdlilallj dUl5^11 


.'ig.-N dljl£ (jVl 1 *.' n.doi. J dl jl.21 jy tli^iLa (_>u2 

s > 

AA^j21 *13 ^3 CLa (j^l .-dlj ^jJoxJ dLjliaJI JjjS 


?6^)9!1uia]I <11^11 ^^lj (Jjj-aj j Sjl.lL LjUa^ll jjj 4_L-alill SjJj-aslI 

SjiLllj ^transient SjAc. 5JU. ^ l$j] 5 -ajJI 6^a ^1_jjI ^ sj^ll ^ Jli 
AjV A-1aAVI (j-o SAaII tilL ^3 6_jl^ll 5JL^. (. 


jl cAj^)UaJ £-o RC (j^ 1 ^6 Jlloll 

tillj AjL^JjoiI A_i3j£ jl c5_ijUaJI £-a 1 J RL 6jL ^3 AjfljS 

4jU^)-a A_^.j-o dlJJ 
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RC circuts 


RC -11 *1 jb 1.8.1 


JIaaJI a i l — 25.1 sJaII 

6^1 -ill <jl c * I'sj .2 4_ix-k-ia^]l ^3 LaAic- j i\ 4_ixjJa^ll ^^3 

i AiUa (jl J Ajj j (jAiJliLo Vutij\ 1 aq <9j£-JI jl I £ (JWil i R jULa 

if 

LaAic* . ^p^xull (jAx-a ^3 ^Vi\\ S^)IaII C_iLjaj 4_l^.^)La. ^LqjULo lg_L-a^J j\ 

f ? 

■ ^ nII 4_1^1jl-q AjtlS (j^aj t f = 0 aJsl^U! (j-a I £ Ajj 41 ^3 (Jl AiaI! 

!4_lSlj]l Ail^JI )oJ^<a cJ^ 3 C5^ 


V = fli +— = Ri +— f i(cr)da 
r r Jo 


(46.1) 


(_£I tAjljull 4-j j-. t'ii.o (j£j jj <ajfLoll j)l Uu^ajlial ^il 

•^JuJalLo 1 iVs.nJ i Clulii V 4j jUaJI (jl ^gJI I jloLi j . (l/C ) £ i d ( 7 = 0 

:lgj (Jak £-a J=uujI ^Jjlaua ^^ic. J^nTslI J ^jjjLuJI “Ujljt-all 


i =Ae~ ,/RC 


di i 

— +-= 0 

dt RC 


(47.1) 



4_ULua^jI! fk Jliii!) jj£j L>.ii& V SjjUaJ) ^ 4 i'",<» ja-uiij Sj|j (!) : 2 5 -1 

jjjij »jlJ (jj . ja2JI *7 -S . ja2JI jLu {1—il .2 AjfcUajJ) {jk ClJ^i La-lic. lg£. jk JJ (1 

. jjjil!) 'J ^ f 5 ) . jjjij) jLu (_*•) 4 a : 'X a 11 
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Aal .J^9 AjjIaIjVI SjIaII Al\^. (j-o £>AjA^j l_i^j (Jj£CI ijIj A 

(Jj 9 I jix^a 4 q : X A -v (jl^ IaI (^1 4 A^^JI dL^j Al\ )^ix \ L Qx^a'Vl 4 gX A1 /j| LLoLlj 

(JlA aa 1I Jail A ^9 4-j^jlJaJ.ll ^ ^ 41 4_i*_jJa^11 ^9 (Jl AaAI £jJa j 

:^l i\jL^ <jl L_L^J SjjoiLa-C 

v c (t =0-)=v c (t =0 + ) = 0 (48.1) 

4_ixjJa^]l ^9 J!-1 ia 1I £jJaj 4Jsi^l] o^-ujLia 4JL^.iU! j AjLLaJ! ^jllila^ll! LaA 0 + J 0 

4jx jJa j\\ ^9 (Jl AaaII £jJa j Axj 4_9j£-<JI ^9Ag..^ A_^.J ^»AC« ^Jj I ^lajJ • 1 
<9^L*JI (JL^*iLujIjj 41 a! .V //? (_^jLuij 4Ja^l]l (AL ^^9 ^Lnll g‘ 444 ^ 4 6^u>L±<a 1 

:_j ^ A*j ^jIaIjVI jliiJI ^jj Jjall l.Va^Aj 448.1 

i(t = 0) = Ae-° =— (49.1) 

R 

'. _J ? >0 4 h^.1 (_£ I ^ (jc- jJlatHll 1 Vi^oj I4j i A =V /R (jl <_£-!*-! I^A 

i(t)=Y- e t / RC (50.1) 


j_gi jqt^i'l ^y> t4qVN.aH A W ui jljjjl £-a jLnll (J-^l lijj 


<L 
C C 


- f/ dt =— r — e _ ' /Rc ^ =v (i-<?- 

: •» c Ji /? 


t/RC 


) 


(51.1) 


tjLnll iV 4-ljUaJI -ig-=. 4-a4 v c 4qi54l J^a. (JjuaJ La.lic. j 

-Ixj 1 jiao jl) t —^ 00 LaJuc- I2& JwTsjj . LaLaj 4j^a-uus AijfL&il (jc. JULj 

•(®j!41 CiM jA RC (jj *—iRC (j-« Sa® ^ 


, 17** .♦ 

■ 1g •>" b Wl< (jl ^jJaljll (j-a . Aii&al l Jl£2.j jUj 25.1 J a_j—25.1 ^ 


•J’ 


iLiill 


ts- 1 ^ 


^J5 . .1 _ 5 . -1 


‘V , 


■ Ri (_$l t4-ajll4l ^jlc. 


(jaa. (_ 5 ^a*a V — Ri +v c — RC dv c jdt +v c Ual^alj (jl£ t46.1 AjaU-41 ^ Vau 

.51.1 aJjUJI l^U 
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AjjUaJI .2 4_ixjJa^11 Jili La-I^C. 4-Q/i^aI' 

IaI . 25.1 ^3 (JJJaW Iil3^ 4ilxA RC 6^)13 A.flifLftll j <La^ULa]I ; ."hma. 

(jl g.1 n**uti\j <48.1 ^J^Ix-aII <^_jLaui ^5-^-3 (jVI ajjIjojVI 4JjIx_a]I 

J u^jlk j UjJ .v c (0 )=v c (0 + )=y tV lwVI ^ 

.V c = (l/C) i dt —V *2 AjJuJa^ll Jl (JI.^aII (Jij (J^3 LaIaj <jj*\ >.'i \a Aij^xJI 
cs* l 3^j i =-V /R —? ^ jLp ^jVl 4-jj)^ />ia 11 4.a i^aM (Jaajj 

:—j /■ > 0 (j^-joJI ^ jnxj lil .(j^s *m\1 s-Uj! ^3 <aL^jV (Jjj£Ix_a 1! oLijVI 

i =-(V /R)e~' /RC 


f.ljj! ^gJS <a!ifL<2l 1g •N Lai __& 25.1 tJ5.'.ill ^2 (jjU-o A iLa-j ^L]l 


:_J ^ i->»j2 ^Jjiall 


1 r/ If' 

v c (/) =— J i dt =V H —i dt 


C C 

=V -— f —e" /RC dt =Ve-' 1 

r Jo /? 


RC 


(52.1) 


Jaxj *Uj! ^3 j .j — 25.1 JLill ^^3 4 -Ijaj ^WiaIIj 

(jJJ j . i ^R _j (jVI 6 A \1*1 a\ 1 4312a]! (Jj-ojjJ ( i ^)Lii!! ^ q I^aI! 

A^-2k ^Ic- JaliaJ! ^JaLaU 4 j^) 1 JajJI <jl ^A 4 i^j\x ua La^-L-a^J 4 <9j£>21 j 4j^l2a,.i!l 

* % * .. .. .. .* # ^ 

(jV LuJ jLn]l Vn 4<9 jS-<JI ^i3 .ila <j<9 j£>JI IaI tdiAj 

f tt * a > s 

Ijlii LSjJ IjLa-a l^2v. “LjjLLlJI »1 j<ij 5 lajtJ Aja.L (j-aj -O-^Liij Ig'iW fii 

i».;L*-'“,-' AiHaJI £y a ljj^>i-a IgSLliLal ^^11 Ijiajj t(J<i~vll 

l^jj t^jj^i^all <jjLfaj£ll <3LLJI lillj MiXll LaJUC. ia2j . .'ig >11 tillj ^^Ic. JaLLkll 

.(AjjUaJI jac «-l^ijl (jaaSLiilL ~lg ■%!! 


,1g ^ ^jLjj iA q : '5all (j*\ >\’i (JLaJ^I (Jj 3 2 AaaaJajJI (Jl^xall 1 iWl Ijj 
Jaj (Jj 2 l^ja^la ^Ic. (jlS II V c (0 ) .'ig•>!! AjI^j ^q : i5all 
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• 52.1 aJjIxa]| i jiIlua .(JIaiaI! 

v c (O=v c (0 ) + — [ i dt =v c (0 )e- ,/RC (53.1) 

C Jo 

Aj^Ua.ill lij 52.1 A_I.iljt-<2l A_ljl*-a oJAj 

% 

Aj-qj-oC- ^)j£l 53.1 jiVi lil .(v c (0 ) —V C)J& 2 A_i3uJa^ll 
t 0 + j 0 (j-G 3 A ~y A ^ y^j *■. i um i (j2J J-oljj .52.1 Aidb-ll 

^j^aVl J tl A_i*_jJa^11 (J1 £jJa^j Lc^ic. S^jUI aJL^II 6,^.1 j 

.2 AdxjJa^ll ^Jj <J!«1 ia1! (JSj aJU. 

Time constant Cn\jl\ 2.8.1 

Jjjs ;> ^411 ajLV 1 ja!jMj r time constant ^jll duUill 

LS^ L^) V e C5"^ U^'O^J&Uall lgjjj«..UiiTl ^gjll ftdll Ajlj l_a^>*jj ^ 

iSjAliill jpo %63 (J <Tl5j LoOic. tjpl 1 ^Laj3 jpo ( 1/e = 1/2.7 1 = 0.37 

A£.jjoi 1 ld=». Ijlaa-o Aad^SI idjIjSiSI Lil __}3jJ *t =T ojloLa Cll3j dVil 02 (jjSLi 

t If IAjUjII Odll ^ >>>Vn LaOdB . dll j! all ^ o^jlaJI dVlftkll (Jjj-saa. 
llgJLajflj/ A j<i n.a o^jjlaJI 'i^j&Uall jpo Ajltjll l _ lm ill t 5T i 4-T i 3T t 2r 

IVi5<\j iA_iLa*JI dlinLiill xi ^2j tqVn*\ .%0.67 4% 1.8 t%5 i%13 t%37 

djlSill i_sladal <jua-d ^ jLd ed f.Ldajl 0*J (J-a'l5~ 1 "i^jjljtJI All^JI jjl J^aSI 

^^d^ll djUill A^^yua jjUl lo] .%1 _SI I g l<i ^AlLoll jjjfLi S- 0 -^- i $I 

. (Jl A\ e \^ I ^Ij S^jjIjJI A_lLaJI I g 3S-i’n CS^ ft dll £_)jjJI ^jjOSsjII jpa liiSLall 

AilifLall jpd ojlo ^ jLiill (jl -dj 150.1 Ai£)l*JI jjVI ftJJ*1S-JJ 

IAjOS od e.Ldajl dJ Ajjldjj/I AILojS jpa %37 jl tl jc t _ s -ll (Jftldajj i_ Sjjui 

ld»jl LlildaL jjl£ . RC RC Ojloll ^^d^ll djUlSI ijjjj .t—RC 

(JLoalLailjj tjlSLall jj ^. .• . A-\jViSI (_>uaj ^11 (Jjj^a^jll Adj -\SI (JLaaAml 

JJC- Aii£c (j*\ t~.il “Lajlilll ftdJI jjl *'»■"' tA qi5^SI Og -V ^ Inal ^^jll 51.1 Ajjlxll 

(_5jld tAjjUaJI ag^ (j* (l —1/e = 1 — 1/2.71 = 0.63) %63 tAj j- .» u < i 

. t d-ijliill 
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CjjIjII JlLaJ <ajoJI i_$ (jl jjVI IjjliLaL ^ u^il oil 

A >h9 1 jSb z — RC RC ojl-lli duliia .•‘LalgJI ojldll (j^ajL-ai. a-lal j 


jja /Ml “LLLua Ajj\jt-a (J3_a. 4ljg uJ Aa>.'V(niil (.jfLaJ La I2Aj j (js, .'Ml 


.52.1 <bl*-aj 51.1 


(JSLuill (3^ 4lilaa.LLa (jfLaJ LaS .4 a£ 3 i_ia_l 4_li^3^ duljjil ja.1 ^ i'll s. 4-aJj 
CluLill jLujj 6-1 a alxj L_fl jjuj S^AxJl S^aLSoH ^jl ^A L_J — 25.1 

A ^3 T 

1 iL^»-> it — 0 .lie- 4-vjVill 4_aj2 LLaJj 50.1 liLbla li! . 4 . j IjIjI 

.lie !-lij! I5J (5ill t^jqnii^ll JaiJI Jea <£UI oilA JlaJ .di/dt =—i (0)/z 
i ^3 ^laLall ItsII jA I 1 A j . Z — RC .lie -JJ'' A £"° 4 ^ (0) =V/R 

culill <_£jLolI Lo ^-lc« l.Vi^aj 4jl ^A . L_T" 52.1 

(j-asliillj ^odjgil j\ ail<u3 SaaI! ^-Lq^SI 

.Aj IjlLI 


RL circuits RL —SI Li!j!J 3.8.1 

• t — 0 a hsW ! <jjU=u ^-a ciJj-<aj RL oj!j 1 26.1 (Jfw!! <_5 jj 

'•J*- t > 0 La.lie (Jx^aaj ( ~lg sll i_Sjii jjS (jjjU (JLaxluiL 


V =v, +i’ R =L— + Ri 
L R dt 


(54.1) 


. {d/dt)i +(R/Z.)z =V /L 4_Ajalij]l 4 H*a1! oLa t_±iijj ijleL 

iLjUaII (JLLa. i^ya / jLiill aLtllj (JaJI ^gle ’ n^j 


i =Ae 


—t/(L/R) 


V 

+ — 
R 


(55.1) 


(jjfLl V La.lie “LijIjujV! 'ijl3l “Ula, ( _J- Q A (Jjg >- a " duljll (j£-aJj 

I 4 JI^IaS! (Jvlfrl (Jj 3 4 'll oil j! <AjlLal! ^gS jLa jLj Laii 


I v 

= 0 =A+ — 

lr=° R 


(56.1) 
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55.1 .A 4-<u3 -i-laJ aJAjug oA&j 

i(t)= V -(\-e- ,lT ) ( 57 . 1 ) 

K 

26.1 (JfLdll (_£jJj • T — L/R jtjlLall RL «jIa 11 (_£-La_)]t (_ 5 jliaLj 

^’ — 26.1 (J^julll iS^J •£j A J^ LxjIj ^)Lnll ^ ^ ^r 5 

it — 0 <- q\^\ 1 ^ic- ^^JaJ 4j^)llaJI Afl.-x (_)£ <jl ^jjlJLJJ 4-La j iC_ aLa]l 

S^A&II aJL^JI ij^l ^L^JI ^J] v L Vn >0 uj^ La^ic, c4j|j 

. 6^)1 J <£L-a^J (JasJIj (- flLall £.1jj 



a ilall (^)j g2^9 jLull (c_j) .RL dj|j J-4 4Jj-a AjjUaj (I) :26-1 

(Jl^xall J^liu Lo^ic. Vjl 4 x.^juaJ An n**ij ^)Lnll U^ iS ^y (jl (jVl 1 n^a.) 
j-qJjojI j jLnl! JjIj 3 Ualili jk J .U^JJ^J aJbljJ 1 lil nj ^aJ c 4-iJaJ^pal! SjWI 

(_£jLd O-Aa A*j Ajjl^jll A!laj3 ^_ij aAjljj (jAsua (_>“Sj Ajc. Ajljjllj 

.^^iajll bjIaII CijUj 


10.1 Jlidl 

(Jj 3 A^j^jla sin Aj^.j!i La . ~~»i \ SjIaII jjl . A. uABI^pAj SjIa l — 27.1 (JSjuill 

_jLall j l_ii]l (jli IjJj t dl222 A3 AajL 2I a^)jl*JI diVl^JI ^.j-a-N (jlj t(JlAxall j2lc-j 

./ (0 ) = 10/(20 + 30 ) = 0.2 A ^iUStj ajjIUI 

•L)j <J_ 9 ^ 1 '' 5 *J c j'dil sLij cjLall A .Jl JaC. ^21 l^)Jajj . (JIaiaII Jaid if —0 AjiaJll 

/ L ( 0 “) = z L ( 0 ) = z L ( 0 + ) = 0.20 A 
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• t > 0 La.liC' L-aIaII ^3 ^}aj / L 4-<ua L-jL.ij.2k ^A L-Jj>\.)^a 11 j 

•S^AaJ) 5JL^J! ^.Ljji tAjjUaJI AiLja] l q\a\1 Jj^jj 

(jl ^J (jpl6j VzLi 2 (0) (_^jLaij <aLL 4_ia 

^a &J^^.^a]I S^)Ut ^jc. ^paJJtlLoij L_fl^-uJ 6^ > 0 cJ-3"^ Lc^jc« / ^A L-JJ)\J^a'I 

^ n 6^1 -ill ^jA L cJ^3^ A^KaII ^maj l q\a!1 ^Laj 

* ^g\ i \ Jli -Q li A ]| 4-v ^*<Q-/\\ 1 Sjhil 

40 


v„ = v th =iov 


= 6.7 V 


20 + 40 

I Aj^lLa jJI ^jc« <jJaUtlLojV I «1*J <LqjLLa L-Jjoi^jj 

R tb =30+ 20 ' 40 =43.3 Q 


20 + 40 


( S ) 


10V 



6.7V 



(i_i) .t=Q Aifr JIJjaJI (jp^l (jja. 4j.JijjaJi sjb 9jjlt 4 JIa jJjli (I) :27-1 JLuUI 

.JlixaJI (jplfi.1 4JU L-iii!) jLu j LiliaJI jjiuij 9j|j 

(_5 jLojj .t>0 (jj-4! Ljuc. 43al£L4! (jjiiij SjIj i_j— 27.1 J5L2JI ^jj 
jaluoj tSjjUJt 4JUJI ( _ ? 4 l4j . t = L/R =4/43.3 = 0.09 s du\j3l 

jLu tjjj ./ L (oo) = 6.7/43.3 A = 0.15 A AsAl! i L <— kLaii jlij 
jic. j?n.ij\ 3 j^*j UU jUslI 13 a ^A4 jlij 4j£u.l 0.20 (jplc.1 -lie- >—si4l 

La-lic. 4jjl*-o A »j.<—>j «3 a ^.,n cj . 0.15 AaJiS 

: cs-^ t > 0 (jj£j 


j L (r) = / L (oo) + (/ L (0 + )-i L (oo))e 

= 0.15 +(0.20-0.15)e _t/009 
= 0.15 +e _f/009 


-r/r 


86 





.£T — 27.1 I^Aj 


Summary 


9.1 


.ciiLij j 3 &WI <joi!^)^] cIjIjjjjIjujI 11a Ll3S 

Aj JA I ^Alj jLullj Igjlailc. j ojIjJI Lisjc- .Asj 



L t di 

— SSJL — v = L — 

dt 


i =Gv 


i =C 


dv 

dt 



AjjIj^SAI <C.Ha2jaiVI AiUalt (Jj_j=^il 0 jjg Vi l^jl ^^Ic. R 1 'iq'n^i • 

u3^ ijlAj jg >"i La^jl LS ic L j C Uiij^ij ja. Ax-LLluil J] i ~R 

.{w c = -^Cv 2 j w L = 7 Li 2 ) <SUall 
CjI jLu]l c-jU.^j CjI (Jjlakj 3 -° Ulj£-a 3 ^^ c-ajjuj^jS j • 

• W^ <jl£- c$' 

<c.lJra*UA)VI Jij UUa.jlj La.AiC' t 3.)\)^ 6^1 J 1 nVs^aj • 

(illi £-i 1 g ' 1 fijta 3 I 3 * 

<j| ^.ic. ^Jj 3 -0 ^ v^^qj c djL<^_jja-aJI 3 ^ 

3 ^ 9 ^ 3 ' <■.i>j ^c-UaLaal Jij 3 .)^^ 4_iiuj * 

A-ojlL<J AjjLoui 3.j^ 3^ **. tj?\ 6 3^^j^ 0 

. 3 ^-^ ^ lg ^ ajj^s jl 6 


«3B jl£i^l oAa ^1 t_illi£J! IAa ^ CiLujjj^jyi 4_uiljJ .Vnun i_jjjui 
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Problems 


(JjLula 


: (jjjsXstll till .la. j A ~s >^i (JjiS J . 1 

V =-\Edl J W =\Fcll 

(Jj-aSJ jjua ^lia2j>-a £-0 Jal^3 5 lA.^g > Aj^)UaJ CllL-aj .2 

4(jjjj2lj 6 J^Lo iF S j2l c > . jIa 1 lAjl^La 6 J^3 1 X.g,.\u 

A_1j£ ^ jLaU . ^na-iSj-all 

.9.111(T 31 kg 

-Ixj 4 ^^3 ^ jjJa j2l I l^S^ilLoiJ ^21 6 -^21 • 3 

iSj-21 (Jjb^aj V (jj'\^kj<U«21 (J^x-a ^11 

.J2^3 12 L&fr«~<a 2 jj^j 2I Aj^)Ua2l ,l£.ak (_£jLojJj 4^)J-a ^Vuu 10 Ia^)I2-g 

• 6.9-lCT 8 s :^/juk// 

<( ajl (jjjlaJ 4 4~1~s ^ £_U-a CjXi (_jj£I .4 

.d^l <olkL,VI a jLic. ^jwa l_u£I .5 

nII Ja^iA _jl2La Lq . ^n2 1 . 5 I j)\-& ^jl 4 a!LqjULg tilLoj (J^.2kj .6 

Jal j3 6 : <-jI' j*J ?<2c. 

• 0.65 J (JfLlj *2a2^. U -0 ^j)‘u«a.a 2L-u ^)Ja3 L flx^ai (_£jLol! .V 

^ j^UI <2L2I 2^1a La . 10 6 Qm A2a2aJ! 6-i^J a_ic«^2I a^* jlL2l ^jLoljj 

4 Ia^I2Lq A-ajULa ^ n«2 

^A Aj jU2l J A2^i2l <2^LaiVI ^3 (j2-a2l JLa*I1*jjV AjjoUJ^I! L-jIjjojVI »i2 .8 

• A^ajUL2l A_jJai^-La A21j^^ IfSLuil ^^Ja*j ^^21 AjJaia-l2l A.iC.^2! All* jULq 

gciugc ) 14 ^3^) ^1121 (_£j ^1^21 <2L2 J^i2l A^ajULa l_jjuo2 

.(No. 14 

^Ui. cp aj^Xo . 7?// = p/A = 8.17 • 10 3 £2/m : ^/juJ/ 



J)1a JlIaIIj ^JaLUl A_^.Lul-a J^uJh 6^*iIAaJ1 J)j 

*3-264 .8) ‘(13-30 ‘4.116 ‘6) ‘(21.18 ‘5.189 ‘4) 

‘14) ‘(3.309 ‘2.053 ‘12) ‘(5.261 ‘2.588 *10) ‘(8.366 
‘(0.8231 ‘1.024 d8) ‘(1.309 *1.291 ‘16) ‘(2.081 *1.628 
.(0.3256 *0.6439 *22) *(0.5176 *0-8118 *20) 

jl^La La .JL2 _j 3 220 ojLLa j_j^£ ''' r - jj^al 300 4S^l-»»j .9 

^1 AtILUtfl 

.Jal j jLS 66 : 

A&l WnuL/l t,_ wu-st . ^n*! 5 Aj Aji ^jUj p j! 10 Ia _j! SLa a^q jlLa ^)-oj . 10 

.A-ojULJ! 

(JLaxJjojU <LajULU! ^9 6ix>\l Ac.lla.UjjVI c < U*r\l j 10 aJUjj-U! «lc .11 

. p =V 2 /R i jUJI 

l. hud • jljJ 10 jJJbal 4 AjJIjL jLj 5 1 g~1 .a.13 *LajliLa ^3 ^aj .12 

.•‘LajLLa]! ^gi oJUUaSI AjjljaJI AsLLall 
• Jja. 800 : ljIjsJI 

jl ‘(horsepower hp) l 5 jUj jL^aa. 1.341 Jalj jLSLSI ^il£j .13 
‘4ajL2l (British thermal unit Btu) djlkajj 4 jJ ja. 'i-iaj 0-948 
*1 hp :—1 jiLLJI * ... u ,» i3> l .(cal/s) AjjlJJI ^ sjjja. 239 jl 

. 1 cal/s * 1 Btu/s 

(W-s) 4jjl-> Jaljit jl ‘(N-m) jla jjjjjll jl ‘.3a.lj]l JjaJI jilSu .14 
kilowatt-) ^Laa Jalj jLSJI ^ilLa ‘. .had . (ft-lb) 0.738 

.•ijjJ-^aaJL (hour 

. 2.66-10 6 ft-lb 

. ^ajl 15 ‘JaljS 1 10 J (J-axil jl -s.a dajlLa jjLuil . 15 
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10 (3^ f.Lall 250 <-ajiUI oJ-all La 

?<jjlo 4_a.jj 100 4jjio 

. iw-s = 0.239 cal J «lcal/g/°C *U1 SJ J^' lSj^ 

. s.Lo3l ^ic- j4au (_£a1I ^2113 Ajc.^21 JaaI 

AjI^I aJI (jUuaJI A-ojlLo A-oja Clul£ I ili . Ai^C- ^ ^jLijaj L_l£j . 16 

Ua i^C'LaJ! Jalj djtilui 8 (_£jLaA AisliaJI aa1£j dul£ IaIj 10 

J\ <jAajja! ?Lojj 30 Sa-o jl ^)AJjajL (jl^jaJI (Jjjt-uA Ail£j J)\ AiLo 

.Jalja 120 (_^jLaij 

.1 jVja 82.94 

^ic- JajLgJ! Ag y\\ L_bai^l t 3.1 J A,g ‘TkH jjjIS (JIajCLojIj . 17 

• V R = 9 V (jl^J cJal^a 12 Aj^Uaill Ag-2k (jlS Ia] /?j AajLLoII 

^)JC- _jLoll ^)Lu3l L-lui^l 6 3.1 (J^Llull j ^Lilll jjjIS JUxlaL . 18 

./ R =0.5 A cjl^j 1 ajjU^JI jLj <jl£ R\ 

• jp*\ 0.5 u^lj^JI 

10 l g*Loja AajLLo ^a^)Jaj Jal^a 120 ^jLoij l& a,^.^ aj^U^j |lj .19 

5 'LojLLaI! ^3 fiAAiLo]! <512^31 ^IaLo Lo . 

. ^»jl 10 l g "Loft AajLLo ^3^)la L_ljLlLo ^jLj 1 tA ^L_J^ 

^)IaLo Lo 169.7 (_£jLuA Ali^,^-o Sj^)A Aaj 3 IAg^ aI^aII 

?<jljj 5 (J^-^ AajLLaJI ^a aAAJLolt AiUall 

?^clliLajj IjLoa c^jJjLoiLo 19 aJLuiaII ^a j |l| Ll^^. I a] .20 

•v (O -V p cos 10 1 —j a^sJ! ^,-Luu 2-4.1 l£22' * Ja .21 

• R AajILJI ^ SAAjLoII ^j AJaaJJI A^UaLoaVI |l| 
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olkil (jc- 4jjii ^JLhiluil 15La iA 2r,1 Wi.nVt 'ijljc. oJS j*JLj (i_jj 

?l — ■ 4.1 ojlj ^ Sr.l L."n.,\M Jjak 

• p **=V?/ R ‘ p(l)=V; cos 2 \0l/R :Uj*JI 

(jjjjjl jla 4i!ifLa (jjj <L-ali]l ej-sq\l (_pa^)C. i—boi^l .22 

ikjlfs lij jljlj jjfLa 0.05 AijfLal! Ajuoi 2)j5j LSLaIL ojlW-allj 

• 100 cm 4-oq>.oll -L^Lxea 

100 (_£jLoLj ~lg ~N ke (j! AlifLall ol^J 2)5-®J ( l ^ J ) 

?oke J 4j£ifLa]l 0 -i^J 2^°^ ^g-alafrVI 11 jIlLa La (>— 1 ) 

tAjjlij 3 1 g'V'ixij ij;U-o! 20 1 g 11 iLju^a jLu a . >< n (jLLaj .23 

i = 20mA j it <0 Lake i = 0) ijli j jSLa 5 l§2x^ 4i!iLa j^Je 
.v <££oll I . . U . . 3.I ,(f >3 ms Lake i = 0j40<?<3ms Lake 

. t < 0 ke tax' 2)^j <ajfLall j' (_K>jkl 

j i0<?<3ms ke v=4-10V j a <0 lie. v =0 

.( >3ms ke v = 12 V 

2)1 (_pajj3l .1-5.1 (JSLLSI A a’X^ ^3 2)3^ <_k^ ^alaxlt 4lLialt l _ Uu^J .24 
• C = 5 //F 2j'j 200 sin 2;rf — j 

i_kLa ^^le 4kUi ^L-a 3 l g~'> la j l-LJji 2 IgJ' L 1.0 4j«J^a ^Lkaij ^_g J Wl .25 

Lake v = 2 V j it < 0 Lake v = 0) ji& cs Jea 2 <_$jLuu 4 _kjjkj 
0 jUll i_iLall jlk eeu^l .(;>3ms Lake v=0j < 0 < ? < 3 ms 

. t < 0 ke j»jkea ^jl liil jLiill 2)' Lk j!iLa 

j t0<?<3ms Lake i =\0 3 t j i?<0 Lake / = 0 u-jIjiJI 

• t > 3ms Lake i = 3 A 


.^ji 3 AkajliLa (_Ja^ ; A-a E) (JjlLall 2>° 4kle k ^Lu-cw 4 jjLLxj (Jj-aajJ .26 

2>a J<\*s 11 ~ig -n (jkkku i j *_laaeall JLakLA/l ^ya klleLui 6 kuj 
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0.9 SAjLgII ^Jj 1.5 

0.9 _1 (_£jLoi-a]l .AflT?k Aic« Aj^UaiU AdlklA]l <LajULJI c_Jjai^l |lj 

Jalja 

.SAjA-oII AjjUaJI SL^. 6<1a *L£| v Ag >\1 jJ! A a\*W L-.baj.2kl (c_j) 

.sAj^lt AjjUoJI dLa. 6^-0 *Ujl / jlill] J^l A^aftll L-bal^.1 

iaJLLuJI aJLola]! .27 

. Aj^)Ua.l31 1 g .Q.VU ^Jajal^ll AC«1 JVujjVI L—bal^l |lj 

.watt-hour ^^c-LuJI JaljJU $ jaL» <*aL2I aSILII ^ um^I (c_j) 

SjALo Aj^jlJaill Ail£j La3 6 jVjA 1.20 A-jjUa.i]l ^*joj (jl£ lij (clj^ 
lALjalajj ^lill A.a.\5ullj <al£lill &AA (j.J^ ?^^C«ljaj Jal_j ^h5LU CLujoiIIj 

.^C-LaJI ialj jlftU djtnjaj 8 SaIc* <3 jLajj J &\J ^.Ij^)^S]! Adljj ClAia^-xi 

jLSll tliLaj 41667 (ca) .^Lai Jalj 2.88 (m) j 0.48 (I) :^/j^// 

CljlJa^-G 1 g *S'<\ A^Uall (j-o d^-a 5208 _J ^lc-1 iS^ 6 LuJI Jal^j 

. £ Aj]jj 

6j!a1! a^. jl£ lili . ^jtjjl^.j <1 AjoJ jjjAix^aj *28 

t ^jjjlaI 2 1*-g L^-L^aJ n i _jL<2l jL2! (jl£j ilaija 6 tjjjjlg-JI 

sJjll tf, J v s i. u.i^l (_gl t^aja-v .i^a. £jx<u J jjoiVI (jj.Vn^ill JiLa 

1-12.1 jLill <ln2l 

jjjj A^.jSLa3l sjl2l ^a. (jl£ Ijli . (jjjjlgj (jj.Vn.-il t-Jj-aJ .29 

4 jxul 2 l*-o 1 j (jja. ^ -ag VJ jLall jL2! <jl£j iJUja 6 (j j"i-A g il l 

Sj!21 i? ; j i s i _ n«-J (_gl jlu ^ iio i JjjoiVI J!La 

.J-12.1 Jlill Alnall 

. ^ jl 3 4 2 : <a/ j*JI 
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£»a ' jlmilmn ^jl 3 J t ^ 2 J i^ jl 1 ^jlC ' g < 0 J^ ClLajlLa Cl)Ij Jj-a JJ .30 

(JS ^gic Ini' g II ~lg ■>" ^ Un-si .JaljS 12 (_5 jLujJ o-iga* ^gilla <*-C° 


.A^a jtLa 


I jLij ^-LaxJ ^JHa jLaj ^ia £-a Lie. jij A^jLjJI aII-ulaII CLajlLa (J^ajj . 31 

.A-ajULa (_J£ ^jLlJ *■. 1“i*v' • J-ul 1 1 AjJLoj 



.28.1 Jlill ^ ajjLLqII jUi ^i^l (1) .32 

.“LajlLa (J£ jLall jliill l—boia.' (l_j) 

.“La jlLa JS ^_lc. JajLgJI ~lg -\W ^ Unn.1 (dj) 



IOOOQ 


28.1 JsCJI 


.29.1 JfLil! 4-ajlLa J£ ^ jLall jLnll t jin l (i) .33 

.A^ jLLa JS ^_lc. ~lg ^ Im-J ( l_j) 

.AjjUaflt Ig,a-lj ^gjll Ac-LLtlxuV' i.lmnl ^ c ~ > ) 

(Jolja 4.7 ( 4 - 1 ) . jjj! 0.32 j 0.63 j ijjxal 1.58 (I) '.t-il^aJI 

.Jalj 9.47 (Cl) .12ja 1.3 



a jl 11 ^3 / . j I jjjLnl] Asia, ^l-'ut-a AjIj52 i _9_jjoijj£ (_lo*Jjoil .34 
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jjjlull (jj2& >■.i>n*sl .(23.1 lMI ^>Iaj!) 30.1 J5.'21 a n 

. l^jlc. JajlgJI ,1g -y'l j 10 “1-ajlLalt ^ jLall ^ n>i^J (!) 

.Igjlc. ,1g •>" J 2 A-a jlLalt ^ jLal! jLllil i. Irn^J (i_j) 

3 A 30.1 Jiill 

t(<—j) j (!) ^ aJ jg- n< 31 jj^sJ!j Cj! jliil! i_un-sl t34 aJL»u3I .35 

.-laSS i-jfiljlll !.Ai<a o^jaII o 2& (j£3 

.Ujs 4 2 (i_j) .Jal^a 10 1 (^) : (-jl^paJI 

c(aj) J (!) aJJ^ a-all Jjfr>llj Cjljliill ^! <34 aJ Loia ]! j^)£ .36 

^jJaxIi^j! I eJc.L u la .2aS3 2)J*V Q 3 t _ 5 2i&^}JA *^>a 1! oAA (3 a*a«! (j51 

(jc. il jl AjsI^aI! ijaijii 'i j!aj ^j! 2 Aa jliall (jAAj ^3 ^_2I o j!2! 

.1^3 a3315a'I SjIaj ^»jl 10 *2ojlioll ^jUjj ^2 ^_2l o jl21 

oj!j1! ^ b j a (jjjjlgjll (jjj ^^j]! AjalSuJ! qj nq) SjIj j. 12 . .37 

.31.1 J22J! aWU 

■V th =lV j R th = 1.5Q 




31.1 JiAS 


LaS 431.1 (J^>m\I ^3 A n uall 6^1 -ill ‘LajLLo CliL-aj lij .38 

A^UailuiVI La 11 'LcAlaUaVI Jij ^Jj 1 g.La.)^ 
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(jjj 3“® 32.1 JLSlI A nix''I ojl-lll AailSLall (jj'nft ojlj JJla. .39 

•yjx 3AM' 

.?j> 6.896 J»Ij9 12.414 :^/juJ/ 



32.1 Jiill 


^9 A Vn.a\i 3^)1 ^11 ^9 b J & (jAiIaaill R^ 4_^jULg]I .40 

^)I^Lg Lc (^) A^UaJjujVI /? L 4-GJ3 |l| *33.1 

Ln\ /? L jLLgII A^a.vLalt <C.UaJjujVl ^)I^Lg Lg (^) WumVI tilL 

?^ajl 10 ^jLuU 



33.1 JlAS 




.Ax.1 J-TnuVl Jis 4_i2.lj 3"° (3^21 Ajjal^o t^g l *-a (_jisLj .41 

3ojlAall ^JS jLal! jLilSI <-_j\ >»i*v\ 23.1 (JfLoJI A q\-v (Jan.'unl .42 

.<c.Lu3l i—ijlac. <■ 'i\\ ~v ^ i 0 aU3l 3 ^ -i*j 

.24.1 4‘{nail Sjl^ll i 2 jLi2l i,n«^>t .43 


.-0.532 A 


.24.1 JS221 ^ i 3 jUill .44 
3 I L^ajj ^- 0 24.1 (J5 .'31 ojj ^2 /! jLiiil i—jLuiaJ Ajjjjla (Jan.'.nJ .45 


95 





.4x.LuJI i_jjlsc. (jljjJ eLajV i 3 

ojlj ^^3 R- A-ojlLa]! ^3 jLall jLilSI C-jl m"\\ 4 ql^. II CllV3l*-a J.-ait.i.uil .46 

.24.1 jS-iM 

.z R = *i —/ 3 = 0.19 A \ljIjaJI 

4jIj£ (j^ i" IgA II CjI jIjj Jfil oL^jVI (_>4u (_p=l jSal ^ S^jli ^ 4_<u (Ja .47 

?4ikl! 

g i*,n' ^la. jljli jjfLa 2 Ig’l» >« “lalifLo (j*s.'.'j tj — 25.1 Jlill o^LoiJ .48 

IjajI 100 I g'l.aj3 “LojlLa a (jjj (_}j-ajJ ^aJ t-LaljS 12 lA3g •> 

.Aiil£-4I ^ 4 W411 3.1a. (I) 

.J»jl 100 “LojlLall JJC. jLal! jli2l ( l T J ) 

.j^lojll CluUiSI 34a. (i3j) 

.200/zs (C3) .0.12 A ) . 24 -10~ 6 C (I) :*lj?J 

^JLuiaII 6_jIj ^^3 ^ = 1ms ^^3 a^q jliLa]l ^Lijj a q'Vs^ll awA'i ^nn^l .49 

.48 

.Jo]^3 100 (j? jLulJ IaA^ k Aj^jUaJ 1 jLuLtn C1 jIsj£-q (Jj-ajj .50 

0.0 lj tA!^)li o.lj 1 I^jLolJ dijl^ 

?A qfi^ (J£ ^Ic- (3^ ^jIaLg Lg 3 tAl^li 

A_ljj-aj-a]| CjUuoiII Aj 3K*\1 Ajt-uall J ^^ic. Vjl ISJc-Luia 

I ^ jIjojJ LAjoiLojJ 

1 _ 1 J_ 

c c c c 

^ eq ^ 1 ^ 2 ^ 3 

I (J^Wj Aj^Uai!l Ag ^jl ^jLnl Ag A^uj^jS JjjlS (J-axlixJ 
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V =v, +v 2 +y 3 



(j *ij j cC eq ^1\ Q <aj3 \\ qJ\ l u5aj 

^JaAgJ) Jj)g y\\ ^ jLajj t(j^j .4-9 j£-o (Jf£ ^3 1 x>ijl is^ A Ka!i11 

v! ^ .v 3 =q/c 3 j 4 v 2 =q/c 2 j v 1 =q/c 1 :£aai 

CjLW jai3 I<aj£b-o ^3 A Wajj\I j i nui (Jj^aAJ 

j +2 c-UL 1 x^ax j 1 g x^ajt \ 141J c^jo^IxIIa \ju$ aIjj^ ^aSI C1j\ 3 *i^a\1 

. (jili3^)ia3! UJU> j'-^' ^^ic. — Q 


• Jal^S 90 t-lal9 0.9 • 

lg*VAj3 4 «a jlLo £a LlLaiLuJJ 2 lg*l» j»*i ^)JC. ^ i'&A (Ja-ajJ .51 

lU^S 12 l&.^...> ^j\ ^ii£ 10 

. 1.1a. AJj^ia o-1a Axj A c > Un^J y\^ 

. I .la. I j LiLq J) \1& ^ jLajj £>-1 a ■ ^ ^ -IstJ l&.lfra j 4 aK^ll A W,Ja) .1.1a ^L-J^ 

<jjJ (Jj^jJ ^aJ C.Uj3 12 <^ia *lljli 2 \g*l» ju> <9j£-a (j^k/In .52 

. 100 1$^a)3 <-qjILq 

.<££-<21 AiUal! j.ia 

. (jj.P'Q (_£jLojj 6*^ s-LjaSlI .Iaj <3j£a1I ^3 A^Uall .1.1a ^L_J^ 

. Jj^. 2.64 144 (I) : ujIj^JI 
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1 1 Aa jULo J 1 ^ x^~aj^)^j L_kLo (Jj-aj .53 

^ ^ a! i**) ^ .4-L^Ja 6^-o Jal^S 12 Ia.^ > AjJ-laJ £a LlLaiLujJ 

& * 

Ig J^jj 6^)l«lll <ja SL^S Aj^jUaJI Ax \\j .26.1 (J^joJ! ^9 AjjaaII 

I^ajl ^li£ 1 ^ g^Aj^ 4 a jliLa 

. (J1 I aJ^J l-aIaII ^ i q jliill (I) 

. ^j.l.)jiA^ ^jjjjlj ^ jLajj &,Aa ^Ljaajl sJjII ^ jUll 4^1 (^) 
4_<u3 (j^aSljjJ Laiia. ‘LajlLall ^ 033^11 4_ll511 4_Jjl^>=JI filial! ^ n.i^l (dj) 

. jL.o'1 c5 ia. AjjIjIjVI 1 g"l.aj3 ij* *—iLall jlij 


(_£^}iA ll ^ 10 4oJaJ^aj i iia (_j^a 5jj£o ojl^l i3_uljll t. _ Uu^J .54 

. ^ajl 100 ' g1 . aj3 4 -ojLLoj 

.Ajiilii jjfLo 100 :cj/juJ/ 

jVi.ill .~~n*s \ LJj^la o3u 33 1 27.1 (J5.'Ml ^3 (JliuJI (jl j_p3jj3t .55 
33 4jjll=u]l (jl (j3ajj3l j . I =0.15 A A-ajkil 3ic. i—kLall ^ jLall jLiill 
^joijIj ^jl 30 4_ojlLall ^gic. lajlgJI ~lg -sll i_LuiaJ (I) .oLa>3 Cj3*jl 
.^^Jusjll SjIjJI Clulj jl^Lo La (i_j) .4j!LaJ (_£3ll ^Wull 

.lie. JliuJI jLj 33 ^, .t— 0 <ixaill 1—27.1 Sjl3ll (JIaaaII (3^4 -56 

.t >0 

.0.11 -0.018 exp (-t/0.09) A :Uj*JI 
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^1511 J^l 


l-jjI nail jLilH Cliljl J 

AC Circuits 


Introduction 1-2 

^UaII ^3 ^dluwJI djl^l^ J^jLoJI ^3 LIoLojaI L-lx^jl 

djl^)l.lll ^ La Jauaut a Jjg -yll j dll^)Ln]l (jl ■ ^ 

. j<u>u.g\t jLiill allljlj (JjLaJL Sjlft dlLjjjjJ^iyi “LouljJ tjUj ILI .£_mlj (jUaj 

aJLvJI JjWi -LLuoiIjj 4_uilj.l ^3 jain'i i_ a^xii tJ>.oqll ILa 

.alternating current i-ijlnJI jlnll cjljal 
Jz- Cjljl-lll LL-L^'l ^j-aj)]l £-*q ajjiidl CliljLiillj ^J)g > ^ L, ,i \\ 
cLjjj l^UUeil JLij .sinusoidal ealjlnJI j ^ j ijdaj 

l ^ <J jllLoll Cll jLiV' L>° ' j/'^ "VoJ (ji .<LjjlHa]l dlljLuHj Laj-aC- I_ J 

sawtooth jULiall k^j^j square wave l^iaj 

. 4_j_li^. ^ ^ 1 Vi ^ ojldl LJlc. LS ^yu c_j jliLall jl_n]| jli cUjjc. j triangular AiiUJI 

6_jl^ dlj^C. lij I^kl Jld jj?\ ^3 .1^.jj V ^li^JI £jtl] Sih <q Ajj-aLk <Lcj 


.IlijJ (Jla-a ^^3 .^jLull jl •vll ^ya V-^J (sigllcll) ^Uaj-a-all (JaaJjoU L_fljjaj i^j^HI 

.1$ ->11 j jLnll jj-a <jV tojldl A .aKII La I j^lj ASUall 

^ 4^n<al j\ j^jfLall ^lj.a\' <jj^a ^ya ajlC. ^jLnll <■** 4dlVlj-aaVI t-al .Lojlj 

^ dlUal^ill dll^jJuC. ijh jA ^ Jalj^jfLall (Jla^a ^^3 ^a-jS ^a C ‘^Vi Jjg 7 » II ^jl (JA^. 

.Ullc. .Ig-vll .‘iVn^ q5^l ®jldi] A a\*\W qJLaJtlioil ^doS 
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.IjJ-ijI “Lilia. SJJ j-G jld-G (jl dlljl Vl > tij I dljlS ^d-G j-G A-lia^k 

^Jj Jjj-ajllj Sjjlxll dlVl-^ll (J^L^-AjJal Axj V] (J^Vn V Ajj-aldll aJA j£l 

cjjIHaII jldll ddjta JjUn JjUMI 11a .steady state ajaddl aIUJI 
cJULdl cJ^f^ II a-loaVI j-a aJIc. a_^jj _$aj t£ j^undl aIL^JI 

60 (_£ jIjoli ^ n> -djd Adljj^dll AiUdl aSjj! dll jldll j Jjg ~n\I ^jIj 

aJIaxIIujIj C* <Gm A3Aj JJjjlII IjA c— adLj . ^jld^l! jdxj ^3 jdjA 50 yj jdjA 
^dl A_m^JI jjc. dil_^.jdl LgI .A^jdll JjJaldG ^)a~\ ^d AjjI. 1^JI dilc^LoJI jdjaLi 
IgJddl jdJ AjLujj Jj^.j ^.Ic. A^jJ ^11 Ia^. Aalld-o dllAdluil idil jldl (jdu 

(j£d (jjlJad c— d^a 1,1 (jdl -li^jll £jldl jA ^gJLiaJI £jllill (j] . ^ddl ojLujj (J£joij 

phasor (jjjldl ^Lxdll Adjla ^3 (J-GJtdull !jlj C(Jj-^VI (J^d £_XJ Ajl^dalVI 

.c_jjUidl jldll dil jb Jddil (phase- vector) 

(.“ujlj 6 dll jLiVI j-o Aailk-c ^1 jjl AjLg* II Ad jjj£ 1VI diljldl jj 

V S JJUj AjI ^dtJ I^A (J^3 .1 £ *1^ jdill (JjjoJ fijdjoldl 6 jldV IJ A,.),n.r?»JI 6 jldV I 

SjLol^U jdlj tAjujdl ajldoill «^lj t (Jjx^qll j-G AdlgjV aLuAjoj ld.ll jj£j 
jldll djljta j jdjaidl jldll diljlj AjujIjJ jd*j t£ SI jll ?£tll. .AjLiVI 

^1 dll mil j-o I jjj£ u' jA dlli c > lUtiJ tAjLa*II dlVl^-ll *g! AdlS c_ijlVdll 

.* 

(j£LoJ llllj t4jn> CjljLilj Ja*J CjVL-sjVlj LilU! (JLa-o ^ ^gjll <illj (J;U2 (j* 
Jllall (Jjjjai Jfr AjLLII All JJ c~~ i\ .L_ljli!La jlii lIiIjIai 1 g'W.'lx'' 

LijjAall “LjAAjiill “Lo^aJI j .LoLoj 60 (_£_$LolI lAAA^jj I Ajg ~n aIjJ 

^aajiII JjA*^llj amplitude modulation JUanll Jja*j 1I J AL^Jjaldl 

% 

.A-maJI aaA djldVI aIgU-g XgUj jl j£gj jjj^ liVI frequency modulation 
^ ii^k J-gL^J (J jjJ ^Uakjl fijldVI (■** u*n\ cA_i-g3j1I dlVl.wa’iVI ^^3 

Jjldl LUdotj ji t jdLa d l jldll dljb JjLd U .sinusoidal carrier 


c-l j^l jldc-l j^ld j-G dll-ij cAxjj-g dlljLil djj £jldG Jj-ajj ^^^11 diljldl 

jldll djLUdJ ^uda ^aJ 61 jdjabG ^1 ^ ^ jldoVI j-o Ads^l -ladll 


^ I jjl LgI .AjujaII A_^. j-dl AjIajujjV (J ; pd (Jjx-a^ll Ut-G jdLaidl 
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^jaJ-uiaII jlull jiWlW <Lla (jS j\ i_g^j t^^kVI cjljLiVI 

t _ 5^_5 tFouner ^iLjia JL&*ilulj JlaO j (j£L oj Igjls tSjjaiLba t_ijliLa]| 

dllj 4JIJ-S dlL^j^aj t' g K 1 a (jl£ Lag -0 t4jlil n&l AjjjJ ojLuil (_$\ JlLoJ Ajlaj 

Ljujjoi <=oUll 4 jjjj3 Al nil in ^ <maJ! J j^aJI ClulS I jli .A^llk-a tliljJjj 


SjLffiU Ig-bl Vnul t_ljliLo jljj sjIj \ g q > -^1 SjloJI “ILoLt-a LulLal tt_Jjli£2l 

# f l 

IaULa Aa1j jl jdj lil . <.Ln2k.il L^jljLskJjjjl ^ J)^> aj AjJaljJC^VI 

.<_£ j^-VI CjI jLiVI jjj jA Aj A-maJI SjLSSU L^>Lk 

jlull dljj AjaIjJ jl ^juVlA a'I ^J^ill li& ^^9 Ll^jJajI J§ j_^j jlj (JaU 
j^Aj dil^)l^]l ajjoiLuj! CjI jjl U1 ^ji l_jjIHaII jLdl dl_j!j j ^ajjaaII 

.AJjLiIa jl S^aLoIA c" Utljl dal jljj jl ) gI- 1*_A 6^)1 j]l Clul£ j\ I^JIajLIjaI 


Sinusoidal Driving Functions AmaJ I £ol joll 2.2 

djIjLulIj JjggJI CljjlS tig n-S jLn]l jl ~lg ->11 £gi^ j)l£ lij 

<3^>*-a jA Ag3 i_jjC.^)a]| j)l£ Ijj tlil .Loj gjn-s (_g^>i.VI 4-llxiJI 'ijl.lJI (j£Lol 
_jjla 4jjl jj (JUa^ _jA 4gLat2. t _ '•nj Lo j)lj tojIjJI jpo Lo (jlfLa .'Ig ^\l 
I_J ol-li-o o j.2! (jl (_p3jjsl tJLLall Jjaui ^gic- • Jjg>-o^ ~lg•>!! 

v s = V s cos cot (1.2) 

2 

(_gjl_^ll oJJjj ^A CO j t^ n^\l £glli]l Jl Li.n jA V s J t^iLaJI ~lg •y jA V s 

:g »jf- i ' lg Sjloll ^ jl£o (jl ggta. (_gl jAiuj L%a. .angular frequency 

v =V cos (cot +9) (2.2) 


£-a 0^)0*11^11 dljLulIj >H AalaaJ Lao3 jLol o_jj» >ro\l 4_iidUI j 4.1 

(JUa^ll ^^3 p ^Utuli Jol^ll Lai . Alolilil ^oaII (JoaI o^)J)^ll d^pwVI jj =V (t ) (j) (_^l 4(j-®^ 
l^ylalj .AjjLllI (jdl^lU Ijdi ^ )J>H £jL»H ^jljll JJjjII jA CO ‘Sjj^ll ^‘l*j3 

j)li T- _jj^ll oAa dlil£ Ijilj t^^ooaJI ^J^lll J}\ J^l (j-a jal^ <_^3 jUilj 2 7T 

lij jl£ ^frequency / ^jHU U ILa j tAiiLill ^ jjj \/T Jl Ijkij . coT = 2k 

•Hz J iAiiLill ^ jj^ f =l/T = co/2k 
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(jl c tillj ^3 0 V (JlJ^all ^)-c (J^ LS^" 

£±1aj l4j]-al UC.1 a£jjuj l— 1.2 JLsl! (_£JJ tfJ (_£jl^JI 

Jl£j l_i — 1.2 (J^uaJI Lg£ .6^)1-ill La (jl^-o ^3 v I 

• ^jLojLt-a 1 <ag 3 £y j V s Lai . 0 6^)^Ja J V -^-^11 (JUa-a ^ l**n*s t Jj)g >" 


^ 0(0 (“) 



l-l^j (j'-^) V .^.>11 (<—i) .j^uaLIc- Ajluoj ^L^_La j^Jaj ^1 A£jui (i) : 1.2 j£-uJI 
• t UjIj f ja v s joIaII • (D t —3 bulj ^j-ujja (<y ^ jljll & jj jjj V <UUaA 


jj^a 1 \ k cLajla-c CO (jj^L I a n 4 ^ A_m^JI ^LJojV 

Loj 3 . (j-a^ll AjljIj A_ijUi]l j ; £y t _I 4-xjIj 6-1^1 J ( 1.2 JLS1I ^ Cln^io 

LiLa^j V (j] (_£>) (jLplj $ ^jl^JLaJ jLaull V -‘Ifraill ^l^jl s 

tA? 9/(0 ^)l.iiLaj jl jLdj 0 v s ( 3 ^*^ v (_j] 6 (v s lI^ 

jl jl Mil (jLutjll c_iu-ajj^ . V (jC- ^^.llla V (jl 1 *1 xn t (_)^LLa]l 

(jlL-ajj c$ (3jLaij La-llc-^ iLl^^ia (jL^I^La Lo^jL 3^-Vl LaA.1^.1 ^-^jj 

A-Jlc- ^ic- ^J^£lSI jl ^iktlll Cllli CjIJjII <jl . L^j^Ja (jLisljJ-a Lo^jL 

.c^jj£iy\ aj-oaVI (j-* 
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c^llllll ^JaLoll ^ ^Aj 6(_£^^Jall ^la-ill (J-jlsklill LIaIxjj 

^lill A-iLjalij]l diV ^ j j (j-a a3jj a1 j>g m) 0 j V 

.^^-La^ll jluuJl dlljl^ll CjI jLjjj Jj^. L&-°^ 


Phasor analysis 


^jjiaJI ^UJJ JjMI 1.2.2 


li^C- <L CllULa j C djl R CliLojlLa ^ic- ^lill tD Jjlll ^-ojujJ 

jfAxhxi ^ ^ £_iLa <U jo-a j-q A_La_LuaJ <A*jA*jjJ RLC Sjb bbkl bjj .RLC SJ^j 

t <alaJI i (t ) jLjjII UjjIj t2.2 ^ ^ ajaII laij tv (t) (j-ajlt 

4jjl*-a]l ^gift ' j ^^3 .'ig -nII l_ijjoijjSi (jjjlij bslh 


v (t) = R i(t) + L c JiS I J- + J/ (t ) dt 


Aj.n'vll Jjg.^'l aJL^. ^j£l A_ixj«a aJ^Ll-oII &La (J^. jmj 

jdfLaJ <jlfLa] l t lUrtl ljjj£ Jaxull A_l£2Lall ^ 4V (/ ) = V COS COt £)* ^gjll 
I^Sllill (_^^^Jnll ^UJJI (Jji^lil! ^jjjLujI Lai .(_^^^Jall ^C'Ltuall Jjlalill 

. A_Ja^. A_lLui<a £-c J-aLtlii Ijjl L>^ 4 V jl *1 

dj^LaLt-aJ A_lla^. A-ildalij 5J^Lt-a ^}A^^JI d n*s ^ja ^A AiLLaill aJjLl-oII .2 


Jji^, ^ 5 ^ AHjlfaJl C1 l>LgI*_a 1I dlli A Aaldalilll CIiV^LcaII A jar jiLill (J^l^JI .3 

* 

A \k^\A aj cA_LjjVI S^jLlxl! (JjaIJ ^Jaxj AjLjVI S^jIjxII A-L-aLLa Cj^') ^jLiJ 
Jjl 9 I n^xnj .^joil £jllij ^ nail Jjj-oj JjlaJ L_fl jjjj 111 .(L^- cj, 1^**1 ^. n^dll 

3 (j^z- jt^Ls liAj te ±;x =cos.t ± j sinx c) elli 


. 0 j T 4_ulaall I^jLuIjl^,] j\ ib j (2 AjjjI£j^ 1I l^jLjjl-la.] ■li.W'ii L»l J cs^ '^ a ^j lJj^ 1 ^^ 

r = ^(a 2 +/? 2 ) (j! ia + jb=re ie 5JU. ^ iiilii Jjc. ^Jc.j 

a 4UJ=i . 1 /(a + jb) = (a — jb)/(ci 2 +b 2 ) =e~ i0 /(a 2 +b 2 ) Vl iJojj li*j . 6 = tan b/ci j 

. 1 / j —~j J ‘ e 7>/ - = j j ‘ j = yf —1 _S tAjLia. j| Jci tj* r J b j 


103 



.Euler's or DeMoivre's identity jijjAp J jLjl Aijlki^ 

^Lx_udl! AiL^jla (JLdstlLoil (JjliLa ^3 c ^ vn j >n (j-oj ciili ^Ac- 

.Aj^C- ^JjjULa (JLoJtJjallj CjIjI 

‘V p coscot = ReV p e jcot —j cr^° *4 

IjliWj i Re ^py-dl JalLaij Ll*Ja!lujl lili .x ^xukl! Re(x) 

.(illi (Jx3 1 -uS^j ^51 jll j .V p € 

AlluiJI iRe 1 n^Lai jj-a^ <Lo^jl I^)iaj3 

^a 1<J cJ^. cJ- 3 j^ ^ tj^ulVt £41*11 

.lia.jll Jjg yji\\ 1^j3j t / £ ^ ^joiI £-n* (jc. jLiill • 5 

A_iAjaij C-Ji jjoj t/ ^Jlic. J jl^jj cs^j Clix_^. J (. 

./ ^IjuoJI I^Lx-aS (jVI 

./ 4-<u3 AW*n LaAjc« LuA-ba i** A3 5JLola]I .6 


Jo)t 


‘ i (t) (j* jH £jtj jUi (_^J / iS 

!- aja-s.ll Of. Jli.ljj 


i (t) = Re / e 


JWt 


(4.2) 


jl£ il =1 p e J ^-Uuil! ^A Ia| cJ^f^ 


JaJI 

i(t) = Re I p e ie e ian =I p cos(m +9 ) (5.2) 

a.i,uu]Ij jLilli j <j j! j 0 ^ 4 (_,v'q^. ji^c.) jLiill JUsui _jA / 

.^JLauJI dil^ 4$j I p lij .^IaI! ^ ^jjla 

0 j Ip Jj, W*^\ 1 ^ l^s'n/i c_fl^jai ^\jljol 11 AAJ^)Ja Ij 3^)C- ^jl Jjlj (jVi J 


a .4^jjlLaS! 1-^j Ijllj 4<J^3C- ^J^lLa Loj-aC- MjuujI 

Aj\ Llji V] .l^ASkJ Jai. £jJa^j jl A *>y \) l^_ill SjUiVlj ji (_paJ^)*JI J^j-uVIj AjuiVl 

.A >^il -n cljLa^lc. ^gjj Ay\ •vll (jj^ qa AjuioVl ^ ^ya 
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I p e jM j v(t) c^ J V p e jm .1-2.2 JLmJI s JA\ 

c j£aa 1! <Lol£-<Jlj a\ x>ilLg]| el^aAjj 13.2 i(t) 



(t_i) .RLC sj(i!l Lf }& v (t ) (JjJaj (jc- i (t ) jUil u&j (i) :2.2 JLuJI 

.AjJajjaj 9jW! La-llfr / jtuilj V =V R +i^ L +^c CW 4£>UJ 

.kjjXM oj|j]| j^jSj La-lit Ajjjiall 43^UJ 


Jj.lSw i^ys / (J jg •% ^11 ^ I j . (j^o C ^ &>l * S.la. -1*J dll j j 

: t5 lc. Jj^suvj ij^y\ t-j >2! 


V p — R + j coL 


/ I 

impedance 4 juI^ ^ 

A-g jlLoll ^ 3 *^ c.3^ 3'^'° Z <juUa 1 I l. fljuiadi ^jj . Z 3^*0^ 

coL JjSj j .reactance 3 j^jJ! * 3 ^.j c/? 
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tl a 1 1COC tAu^^o AjJ^) 1I ^j^£j * (j*a)g a\\ ^A 

. A-JLuj Aj^^)1I U-J^ 

A_iLjali!i]| 4 jLgI£j3I aI^Lx-aII (Jl^-jl ^3 ^LxjaJI A^J^)Ja (JLa^. ^j a^ j 

^^Lui<o ^s) 7.2 AJaJjaull AjjjlsJI A_1jIjla]I ^Jj ((j-^3^ (_£jli*AA ^3 C5^^) 2.2 

!^)l_iii] (_£^jJa]l ^'LljoJI (Ja. ^^A A_ill!i]| aJ^IxaII^j . / aVJI 

V 

I =- £ -:- ( 8 . 2 ) 


R + j(coL-\/(oC) 


(jl (JjJaa-all (j-a tAj^C- ^jjjULa £a (JaIxjII (j^ •/ =V p jZ A-IaLaUJ jl 

8.2 aJjIxaII ^»ULaj JajuiJ lil .Ja£3 Jaxu.) ^3 A-j.vix.ll (j^£j 

:^cjli3 4^1L2] (J^sI^aIIj 

_y p [R-j(coL-l/(oC)] 


I = 


R +(coL -\fcoCy 


(9.2) 


:aJU! Aj JaSlI Aitj^ll ^ 1 \ aJjIxaI! ^jia 


V 


[/? 2 + (coL -\jcoC ) 2 ] 7 


t - j arctan(coL-l/coC )/R 


(10.2) 


=v 


-jo 


^Ixjuj A x \x^i) jlull ^A I^A j 

—* 10.2 L-jjjJaj ^jaJ)!! ^ cJaJI ^^Ic. 

: i (t) = Re I p e i(m ~ e) J I A^ml! 

V. 


z(0 : 


:cos(cot-avctan(coL-l/a>C)/R) (11.2) 


^R 1 +(coL-\/coCf 
I p cos(cot -0) 

i(_$j\ jaLis ^Lilll (J1 Lol . ‘UIhi.aII o2a (Ja. (J<6*9 
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I p = V p /^R 2 +{coL -1/coC) 2 


jliill JUax jj! . 0 — arctan (coL — \jcoC )/R j _>Aall ajj! j 

■lfra-11 j^lLa j jia <J jl j (jl jliic.1 (jljljLo LoA ojjia 4_J J) ^ 

Aji j —^p = V p ^ 7~ AJLuwill o-AA Iji-Aijl^ 

jjc. jlii]l (jl .’>>i tl = I e ^ jUjij cJjg>(jl tjjjj ^5 

. A.u>»)^)^J l_g_jLj RLC AjluiLailll SjIjII I— Lk^ajJ IjJj .(jll^l j 0 jl-llaJ A^aJI 

. s 5^ ^ . s ^ s ^ 

4_^,j (JjJafll ^ic. <xjujVI ^)^Ijj 

i*i^a\l jLc .l_j — 2.2 (JSajj'I ^^3 c£llj Jjj 3 cl) -0 c^ c '^ JL ^ 

.333 4 / = I p e ^ Lol . JSjulJI ^3 ^iisl ^Luai j cV = V p 

c') 7.2 ^^3 j! C AjuoJ! dj«ii_j lij .<JLai 0 

ja 0 dla^lx-al (j-a ^£1 (_£^x-uJI ■ W \l ^ ±i^a,j 

.Ajjxjoi IgiL jVI RLC Aj,L^,LA\ 1 Sjl^ll L Qx^ajJj . Ag..aJl c3f^ <#1 

.5JL^J! oIa ^—2.2 (jSLuill ^^3 ^^c-LujaII (_£^j 

2.1 Jli*» 

•v (0 =V p cos(cot +</>) 1-2.2 Jlill gi £fi* 

• i (t) Sjl.}]! jljj L_buL^.I 



• l — 2.2 JiuJI gi 4 null Sjlili <U31 £a]| jjlall £l*-ui SjIj :3• 2 J^uJI 


_J ^-Ijujdllj ^-Ijuai ^ya (3^% dljlj ^-IjUuj jA I 

(jfH .(3^^ £A(0t M-ojS 6 J 0)1 (jV L>°^ £-° \ 

. aJ^IjlaII ^j-a e J 0)1 JaL-uJ j 4JaLaU I j it — 0 <—kfi jJ u'jjJI 
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A ^3 djLxjLo-a £-Ja^J tillij 4(_£^^Ja ^Lljuj S Jj 1 ^Jj 4^jl 

^n^ll 4 Lic-Lxjoi ^jj^aJ v (0 t uall ^)-uxluj 4 4 j c, iLall j 4_a jliJl 

I_j ^,n^\l ^lx-ui ^Ja«j Yin's .3.2 (JSjuaJI ^ 

V (0 =v p cos.(of +^) = Re y /5 

= Rey p e"V ft " = Re V e J ' w 

> 

I^LDu jLjdll £-bt_ui ■Ij.lV'll Ajjlauall <_JaJ .V =V 6^ C'n^v 

/- V P e " 

R + j (coL -1 /coC) 

121 . C '*^ (_£j_jiall -1:21 v 1 ‘nI> hLj 8.2 AjjLuail <£jLLa aJaLuo o2Aj 

£»a 11.2 A_Llj<-aHj LS^ jljjll 1 J 2 . ^ 1*»»J 

11.2 8.2 AjjLuall dlljiaaJI ./jl u«*tll 

i (t) = I p cos(cot - 6 + </>) 

£ya aJLoiaII o 2& JjLaj t (J) ^ j j2all ^Li^pVI .is. ^uaij La a-1 n~I..iL j 4(j2l 
.1g -vllj AlLuu2l o2a LIaIjI oil . I 2.2 (JSuill ojl-lj A . .o'-s 11 cdlj C'n^. 

A_j| (Jxu ^gill / (^ebt-LJI jLull 1 iuh-n j V =V p e^ ,_g£-L<22l 

a_j—2.2 (jjl£22l ^gi LiuxJt Ljc.I*22I CjILiItn^I <jli 121 ./ = I p e~^ e e^ 
jLiill (_jxi A*jail jjjJj a*j (j£l 11 >a->jI aJL.i^H *>2a ^gic. (_g iL<Vi ^~~ 2.2 j 

.Ax.l_ul]l t—ljlic. (j^J" 1 $ Lkjl-lLa Ajjl jj ,1g >1'J 

4_4jLLaJ! £ja JSJ £_lauillj LLIjuLaaII q ±± LjlifcUJI 2.2.2 


Impedance and phasor relationships for R, L, and C 

^UjlLail v =1/C Ji dt j v = Ldi /dt j <v - Ri :dil£)Ull J Lu! j 

Ajj^ iill 4jc.l*aill ClllsHjtll ^gJI v-lllJ3 /_^a^ll ^_g jjluiA ^—3 (J^aj^sallj A....21 j 



AjLuJlj 
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(jlij »V = I / j co C j V — j coL I j V — RI • ^^k IgJ 4.LIL2I 

jLiiltj (jjj Ajc-ljuiJI dACLJIj ciAjuLoaII 4.2 (JfLuiSI 

4ju& (Jjiljila .,\^,.^,11 ^jl ^UuiJI (jl .Aj^till dj/i -ill 

_j 4_ic. ^)^.Ijjj ce_aLJ! aJL^. ^ A_^^p 90 _ j Aiijajjj jlL<2! aJL^. Lj^jla 

.<££,<21 <11^. ^_i a_^.jj 90 

(Jj\Vi ^k A-ojlL<JI (J^a l_jjLiIaII AjuLaaJI (J^j 

^jl A h^^Lo iV = I Z L_ljLll<2l ^)l_i2l dlljj (jg^ f jl (J^15 ^fuaJ li] . ^)dLau2l 
^)Lu]| dll (Jj\Vl (j] (J ji2l J ^J-GJtliJI UuSlAJ ^9j • ^jl^iLa (jVI Z 

6 1.1^. AiLo £^_uJ I^A_J ^jjULi (JLajdallj ^jdiui-G _jljj ‘“-Jl__jl*^ (JjlVl _^A L_1 jLiLg]I 

^ic. LgLgj (ji)Vn J^jLoJI (Jn^l ^ dL2k j Vn J Jft dJJJ <jl ^ixjj 

dlY^lx-aj t(j-Lnaj A-iA^)j-<aj c^jLLgII (Jj^Jj 4jSI£j]I A^A^aaS . l_1jIiL<2I jLnll dlljlj 
. till j ^jja Jj Jlj]l (JULgII j . L_J jLlLall ^)l_nl! Llll ^ ^ic« 


I 



o 


.C j L j R j^flU xil jldll j AjjjIiII Ajlu&Ij db u lAAll :4-2 Jldll 


.did>Lj Ji5 S^jjIslII CjVdil j<a~N jj£j La-lic. ^\ i"b jqnn,a\l L-ijldaSl jLnll CjVd JailS ILa 

^1 AflLja] .XaVI a^Jj-aS a^)jlc. Aid .lljj <jl 4a^)lj £-a ^ £JLLa clhJ^“ lW^- 111 cj-^ 

^ic, o^j_^ajLa <jl Vuul l^_i3 ^Ju-aJ aJIaJI jq .3 q^IIuiaII aJI^JIj Lai .AjL-^VI AjI ^“ntiVI 

- Lag (_^L1I ^ n-vll ^iLall 
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2.2 jmi 


,1g -s'l 1—5.2 4 null ojl.21 J Lo-lic. V,(f) ~ig ->11 .1.1a, 

• v =cos2 1 

% 

(JjC- <jJaULLojVl-J 4 jljoiI 6^)1 J Vjl l£JP^*^ Sjj 

^J,j^a.j tJULoll (JjIJLuj ^ • l_j 5.2 cJ£j«lll ^ (3^J S jhll 

J> SS 

Ajt-uJI g-buflJj i j COL — j 2 AliatiLo-a 1C- 1 jJ L-aIaII 

v = lcos2? = Re 1 e ;2 ' t> j .&> = 2rad/s jV * 1/ j coC =1/ j = -j 
—j .V =le j0 =1 'ig•>" iJjj^ ^L*-2JI ^gJc. J ^Vi 

j a I mi x i jLj SjIj t_j—5.2 (JSjuJI ojl^ll 4 j12u .Vjt / 0 1 .i»ai 121 .v 2 = 2i 2 

I (jjaaiaJI jjjl. n5 1 j (_^LuiV I I 2a t _g2c. JaJLj 121_j . I . 11*11 ." n*s (j* 



.JJ,jj]| (_;ji2ul 4 ^ -UslS*!! »jIjB (i_j) igjAum jji (jjjSla. cjli »jU 01 :5.2 js^l 

£jaJ j Jijfl igiQ*. Uial» (.;! .^jjla jjaU ajll sjliil Ajjjla 4juii kUl. a (g) 

•O 4 ^' ^ jIuls ^ 
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l = jU l+ jlI 2 

0 = 7 1/, +(2-7 l)/ 2 

I ui) /^ ^)Lu3l djli <jIjIa 

/, = ~ J =^Le- j3 */* 

2 + 7 2 4 


^jc. 1 2 (jt £“5.2 JiSlI ^ JaJaa^Q <_£JJ 

Alj)g tnj V% >^1 L_bal^Jj . -\/2 j4 (_£jLaJj AllJa-a (jlj tA^jJ 135 _J ^ Uxill 

^11 a^ jVl .V, = V2/2 e‘ 7 ' 3 * /4 : jl l5' 2 I 2 

lA^mll ^j-o ^qjq*s\l -Iklj £* 0)1 j L_i^)jJallj <_£j!1uia ^9 


/2 

v 2 (t) = Re y 2 e ;2 ' = Re—— e 


j(2r-3*/4) 


= 2^-cos(2 t — 3tt/4) 


t j2J • j^jll {j j.ui.iM ^ (Ji.A3l ' ■ « -i - 5.2 (J^j4S! <_£jj 

(_£jLolJ 4jliaxi ^ jiJI l,1g JiAll 2a3 j3 1 AJUaxj ^ n-% ,1g ^ £_d/s ^ )-»» j 

.4a».jA 135_ j 4_k. ^p>.ljjj i=Jja 0.7 


Ajljl ma. f.ljaJ jjA j^ 5.2 (JS44I ^3 MjjjJsvSI jIjaII 4jt_4l CLlomuj 
la3j l^juaajl ^jic. {j\* Yi 4 a)1a 1I Ajg -n'I Ajtjoil ^uijj 1 2 Alajl -^*-4 .^j^l 

jljj^ jjAaljuLa lj_j£ij jl i. I'sj V^l J 1 1 jA&la.uiil jl J->*v!4j *(10.1 A3v\jtl3 

^kljj V 2 4j5jfLall ,1g ■% (jl lillj ^Ij i. <l\ .>ij . jAxjoUJ a,1g -y jC- i ~<\.all 


1 Vi5^"ij .y, ^-a “Lajla 4jjl jj 7 C (Uojj I V'5^j IaI .4_=.ja j.i».>aL / c IajIjj jc. 

j^-s ^ I g »»q' ^^Jc. (j\» jj jl t' '-vj aAac. 4j^)^iall 4jtaiVI CjIjIjj jl A qjq^. 

iSji .‘-iIjIaaII jujj j-o ((11.1 aIaIxaII^ /j =/ 2 +/ c :Lii*JI oAa*JI 
y 2 ^UJill J jia jlj l JjUlj jlaila ^jl 2 “LojlLall jljJj ■'Ig > jl 5.2 tJ5 >’iill 

./ n ^bu43l (Jjia <_1» .s-i {Jj LolJ 
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Admittance 


UjM 3.2.2 


j (j£\ admittance aJjjSJI U IJlc. c^uU^ll c_uU 

Ac.A_J^ j 3 (jl ^3 A-J^jkl! =1 /Z tj?\ cAjuLa-dl L_J^lLa 

Li^.1 Ijj (_£I .Aj^I^VI ^^jLujj Lac.^aj aJjj^^aJ! ^-aLiadl ^ja 

(jjj-dl ^IxAuilll tilliJ iLlC.^)flJ l*-o UULa jj Aai^j liLoj A^ajULa 

1 \\**ixix (.3.2 JLA1I 

Y =(l/R) + (l/j(oL) + (jcoC) (12.2) 

= (!//?) + j(a>C -1/coL) 


= G+jB 


• susceptance 4^jlk2l B j <25121 ^ G .<2j2ll <j& Jki ^21 
Lai . <—a j-a <C.jl2a dll jj 4-J^*-au IgjL 0)C > 1 j 0)B l$-i3 ^^SLl ^dll 0^)121 e_LaaajJ 
■ <2Lo <£-jUu dlli J 4 l^jU o j! 21 (du*aj2 l (OC < 1 1 COL (jj2 La.V'C- 

(J 7 = G + j B <2_jjklt <JV ju Z — R -\- j X <*jLa2i (jc. jjj.'iIL 


1_ 1 _ G - j B 

Y G+jB G 2 +B 2 


I0JJJ 

(13.2) 


.^3j!1a13 Hsj (Aj^^a Aj^^ (3al JJ aJLoJ! Ac-jUa-d! J 


4*si\\*\aW 

High-Pass and Low-Pass Filters 

(jljlA _j mj 4dij2l > _ s lc- ..Wls-I dll j dlU12l 4juLa-a ^jl Ijlaj 
. dlld}j2l ^giLjj ^gjllj JJjjll 4 ml m-> II djlj!2l ^3 (jjjml ml (jlj j£La (jl j.«n‘nrll 
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* JIajcLujV I j <j ^£a AJ^auai dl *\ wi^ja jV I (_£ _)dij d9 ^uj j 

Alibjll (jdj (jl RC J J] Ijiajj .RL RC 

s= J> 

dlaldl dl^juj^)-G d^ 1 jl^C- RC dbadi^A Jjdaj tRL ^d^)A 1 -^jJjj < di3! 

.fijlc- A^Kaj A <aUAj Aliijj 


RC filters 


RC 1.3.2 


^jjli d^dl £-* RC 1 6.2 Jldl lsj$ 

V] .V. — / R + V^q 4 A ql^fcll ^2 ^j?$ ^ 11 ^^a^»a d_9^ d' *■. 4<d 

: 7 ^ijAll ^k j^aJI ^ljj (jjli lil .V 0 =IZ c =I/j coC J 


v 0 I/jQ)C VJ(R +1/ j coC) j coC 


(14.2) 


1 _ 1 -jcoRC 

1 + j coR C 1 + (coRC)~ 


-j arc tan coRC _ 


/I + (coRC) 2 


l + (co/co 0 ) 2 


.^^C-UaJjaiVi 1 —di jl Ajjld^ 'die- ^-ajujJj 4 CQq — 1 j RC 

ajj! j ^ <9 = tan _1 ft>i?C =tan"'<w/« 0 j ^jjII JIL^ ja l/ ^1 + (co/ co 0 ) 2 

IbA d' (J' ^*>*11 ^j-G gVmni .^ — 6.2 j l_j — 6.2 d^dll ^2 (jli-UA LgAj 46^)_^la 

^iklj Igd ^Wu d -0 ^MVuu'ij 4<jJaidiA dlA^jj ^joi^)a 


^^3 (Jj-bsVl (j-a (jjfLl ^ 4-jl ft ^)J V q/V j ^JjouII j^jC. ^ujull •vll ^U*n«^.o\l d^xli-uj d^jai 
A_lojoij djUj jjjSLIVI ^ ^33 tiilj >11 dllc-Luia (JLftxdl JaAiil ^)JC. ^jua^-all 

.Jjj^jJI £jlj ULdj t.lg -v\l ^jj Vq/V i 

Ac.\ liUnVi d d] • ( _ 5 -dc.Vl (JUad ^j>a l/-y/2 «^dl Jlixa (j j$J i CO — ^ — 1 /RC •iiC' 

<xojaull d^ d 0 J «(^gdaxll Ac-\ lVi>»V 1 c. ^y Q Aic. d-UaliaiVl UJ^ t y\\ n»l T*n 

•J^q — CO^jlK (_^jLou ^*q jA d-Uajj-uVl c t.^ j,wMIjj . Ac.\ Jn“i>.>iV 1 <. ^'i 
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i y/2 n (j) 1 (J\ 1~xa\\ (J£joi (j-o ^jJaliij 

3 _SI 1 >>ijl Aic- 45 _J j_^la (jC- 

.( 9 (dB) J^i 



^ JUxa u la *» ; w; A ‘^°A * ail Ajllljj]| jjjaII AJliLa £jSi ja (ij : 6.2 jLuJI 
.(jjjL jailj ajll _$A Jl2u j^tl llA jl jjj jaJI jjJa ^ W la (^) .11jjU bull Aiuajj 


lie. / jLiill (jl lila^j t(J_u.nii]l (ja llj" 4 ^ (Jl^ AVIj CaViLlaII liljaj 121 
Ig •y 'I j)j£L 12] .AAifLall AjuLoaII ^ iuuj A .ojqll jj> A . .o ^ ~i^ll HjllAjj]l 

djllAjl]| lie. Lai "Vq V,. aia* .a lalj t 1^)J» ‘■^i R “LajlLall ^^Ac. -lajLgJkl 
flu'll 2^ = 1 j j (OC AjufLall AjtiL&A j)V _/? ^^ic. -a Li.lg jA tAjllaJI 

Lai j .A_i]l*JI i11jIaAja]I .lie. A£.jjoiJ Vq (j^iAl Vij 12] .LlLaC. ^jidl jj^aajj a . ^i 
^3 tA ]j u>i'l V () ^all A qti 1-aj V 0 ~V. AaLoaII (jjl ^iil j]l if Q ^l&iiVI lljj]l 
(JjjIa ijjj AjAaJI Al-liJ J_gi f 0 Alij . j xJaa]l 11JJ jl Ax-UaloiVl <■ L.o'i 11 jl 
^)J^aj ^jli^all I2& ^,.a..-J j t^Aa]| A iLil.aj jj^all]! A qliiia t (jj’VqLi loll 

(j-aiSl Aj&La]l AjUaC. (jl ^jJal jll j>A .low paSS filter A t >iqVi.aH A_aJaJI 

% 

j-qJjoiaII jLlill i. 5^ C5^J *Vq C5^ ^-^>31 Cjl^dxJ 

4j*j ^aLouJI ^)\_£lS\ CLjI ^j 1 .1^. ^j^Lq ^juo^a]I I (jj • ^)-iixJ (j j«1j V • 

.C_J jIHaI! ^k'l JlXJ ^ulxjj 


P. J 4-C.UVun' ^ Pq (j] tlua. 4 101Og 1() \P 0 /P. | -j (JjJ-uULtll <]V^J A£.UaluiVI ^jj *—i9JXJ ^ 

• 201og 10 \V 0 /V i | jlJlLoll lillj ^jLauj . <c.l3^“nJ 
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ujIjjjj]) RC ^t-uij-a 2.3.2 


High-pass RC filter 

^^Ic. 1 il — 2.7 JfLoJI ^3 (jjls9j C J R bl--J IjJ 


jjg-\ll .a cjljjjli]! aAjA diljjjlSI 


:gSi i‘V 0 =IR J JI ^J ■V i =I/jO)C +V 0 


V 0 _ 1 _ 1-1 /jcoRC 

V,. ~ l + l/jcoRC _ 1 + 1 /(coRC) 2 


___ ^ j arctan(l/ty/?C) 

^l + l/(o)RC) 2 


^Mcojcof 


(15.2) 


iSji '0— tan 1 COjCQ j tAs-UVu.i^l i i^i jA co 0 =\/RC 


^jc. . JJjail LagjL^ajJ oj_jlaj ,1g ^ JLLw 7.2j i—1 — 7.2 (j^5tall 

16 = 0 j | V 0 /V ( -1 = 1 <jj^J ‘ (Q§ c>> ' ts^ - ' ^ jj]I 

t |V 0 /V;|-^»l <jj^ ‘«o t> 'j^ J*" 3 ' CiT* LS^' -ik. 

CjIjj jill ^qjj t f 0 = eo^/ln (jc. JSj didjill ddjj . 6 ~ 90° j 

. j 4-JUI dll JJjjll ^juo^aI! I ^A ^ajuiJ . 4_Lq ^^Ic- ^ 

dl^jLij ^-9 J^I^a Jaj^)i! SjIc' 1,1a JaxILou 

._ja1uia]I ..^.??k.ll ^JJ c_jjIjja 1! ^Lill! 

Ji 5i > 

jjc. j.a'\. ...a]' -Ig-sJI (J^lLa ^J-a^. IjJjj tt—ljllLall s^jUjoJ 

.^Jjoull _j2>j 4 ji 33 jl .1g •> 1 g bj clg_}3 



4iaa_$j JUxa (bi .AJbdl ililjjjji) jjjaiI **«*<» (if :7-2 JS2JI 

»J j (J* »jWt u' tSJiJ Jjk ls^^a {&) •AJjjll UjIj 
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RL filters 


RL 3 . 3.2 

jjig•%!' .4 K^-xk-^\ta\\ i iLo \ 8.2 tJ5>'iill (_£jj 

-^-?‘ J* V o =R I Li>2lj -V i = jcoL I +V 0 LS ^- J‘ -^~v'' (jAiJa 

:.^-s\l L5j^*y 


V. \ + jO)L/R ,/] +1(/) (/J) 


(16.2) 


lil .14.2 aJ-AjcaI! o^)jJa-U JajaijVI Ia.1^. AJjULg ^j-o 6 ^)LixJI Clul 

.<9 = tan 1 coL/R = tan l co/co Q j tO) 0 =R/L _j ^jluu 16.2 ^LU-J ^ 

A-x-ajL-sadj 4_jLaua ^)jla.U AjJaidda ^)J^)-<aj ^joi^a (jl (jVl U ^ o^Vn 

(JUaaI! ixa J] A_^,L^. V 111 .6.2 ^3 Aij^xall jdu^xa] 

.^ — 6.2 c_j 6.2 (jjK>daljW \a (JLdxjjoi! AJaLunj a\ 



dJJjolj jjj-all t ala jc-yiij-a (lj) .Adaidldl LLi\^^ ijjJI jjjdil uftla ^dj-<a ^ : 8 *2 JS-uJI 


.AJUJI 


High-Pass RL Filter AJUil CjiJJ jSJ! jjjaU RL j»a 4.3.2 

‘L j R 4jjLbaJ 

tljj2j ,y. = R I + V 0 ^^Ac- Jt -o-w I tAilaJI J J^s> .i-J - 8.2 JS22I ^ 

:^=2I £tjj (_SjLuii till .y 0 = j COLI £ jaJI 

V„_ 1 

y. . l 

' 1 "*- 7 — 

j coL /R 

COq = R jL (jl ^IliLujj 15.2 aLLlaIU 4Hju&]I 0 2s> 4j jlLaJ 
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aJlixjia aJU! ^j^aj 6^1 j ^ja^aII !1a 1^1 . 0 = t<in 1 co^jcoj 

•£— 7.2j L_J — 7.2 (JjK > m\I A ujiaII (JlJraA ^gaj\ x^aA. Cljli _j^LlU 

3.2 Jli*fl 

jlall ^a ^uJoaSI (JIa*iLojV ajjouj^}]! c—aI^aVI -i^.! 

Jc, (J-uajJ jJai J^I_ja a^C- ^^xJ^a'I . C-Jjl "ha'I 

Ai^.jA JS 6fi^JO)ljA IxA ^a^jJall]| (J^.|^)A (J iAJ (j^AJ V (3^ . 


.AjtA L_i£!jJA ^)X x«^l L-JjLiIa >\$ £A 6 6^)Jj£ ^)a2xaA ..^.Sk Aj£^)A fijlc. (JAjJaJJ 

^aJjaaII Jl^_2sJI Aj£^)a lU^j aJI^II aI^jaII ^Jj S^jaIja A1^.^)a JJ 

tllljJjJ Cjlaui^a A.-vl,^. 4-aJ 12] .l$laC- (JI=LU IjAj C^Ia^aSI lilli yjjjj 

i(_£^)a.l ^1 mIa^^a (jA ^aJjoia]I ~lg -yll 4 _j£^)a Jliliil £AaJ (JaI^}a]I (jjl 4_lllc. 


j)A -1 i_)a ^Jj ^£] jj^>a!Ii i_JjIHa]I 'ig -n'I C'\\ i^^a] g.AuGj 


LaLall jSJ^Lo 9.2 (JSuaJI ^^3 jjdXall 4_2l*JI djI-Ujill jJ^jaIi] 4j9j£a]I ^aujaj 

^)j^o £Aajj 4(_ja1jA 20 (_5^ c ’ Jjjp (_g2ll dll.J.J_jj]l jjaJ '■ ^ ‘‘■■J^ ^aaai . (jja^jill 


• 0.1 Mf2 a-ia. ■ (JaI^ja i_]a.l “LajlLa (_£jLiaJ . ja\ .*.a] 1 jl_ii]l 

(Jjj-aaII 4-liu “U^UlaII (Jaj . (Q^ = 1 J R C l ^jui^aSI ^JaS 3 Jjj ^ ]-»» j 

• C =l/27rf 0 R =l/(6.28-20-10 5 )=0.08//F gL <4*^1 <-jS Jc. 

_a Ja! jjjfLj i—9 jjoi (_ja!i^)A 20 -lie. ,1g a II (jl -Iaj i_J 7.2 “U^IaaII JLa*!Lauljj 

(jjJU aJUSI aaai. V''l <lA^a ^1 ^aj ^^ii! 4j]laJI Cll3Jj!i]l Aic. <Laj3 (j-a (JjjjoijJ 3 

(Jxa. (jl (j^a .COlipllllg SjUlj ' >><jl 12 a ^.auu .4jlc.j 

C ojLlja ilia. <aJ (jl V] ijj^j-allj (jAaia.1 Lliljjjiil ^.auij L_a jai ^>1^1 C ^-ajj 


l^ial£jj Aij^All 


^~i ojuj 



“Lajlia Ja*j .AjJIc. CjIJJjj jjjaj ^ut ja Ita j [a^jj^ja ^jaadJ lillajA :9-2 JLuJI 

. /? <LajlXa l^Ladjj Ajjuii) ^Ua jaSI JXj 
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j (jjjiail 4.2 

Resonance and Band-Pass Filters 


j! L AiUall £-q R LojULo I jk^VtC- ^jLuJI ^3 IdxjJaj 

uSS .aJI^ j! A d dlbjjJ j^)bi (RC J RL) dll-> Jlc. ' J C 
tRLC a _jl- 4jjLia]l jS a jlLall j**Vlbl ^lj b&dai I jl 

' JJJ^^ C>° £da ajlj ^Jc. jl tdlb-ljlill (jx “Lo^^. ^jj^aj Bjb ^Jc. i lk.n\ 

J o» . a»ij j iband pass filters 4-ajaJt jjjd djUdj^j djIjWI b2a 

.diljjill (jx jjj£ J-lc. (jjj 4 j_)^ ^ c "^] eba jl <ia^-a alaliV *—adjdll J 

very high tja. <dUJI dibjjjJI dib 6-2 jlililt dil jia £& tjtldl Jc. 
Jbdj tL> djA Uu* 88 54 ajjjjjII A-aj^St (>u-b frequency VHF 

iA m ^ alia JbajjoiV dil >( jbjA Uixa 6 l^-da^jC. 4-dJjJ 4-aj^ eba (J& 


^jj^a ^dajj ^)j^a]b a ball db djb.}j!i] tt.a. tij jj^aj ^d^o 

^miUI CjIjWI ^A A-a^aJI jJj-aj dA i. aJajaijlj Clll jdkl! 

.g-L Lua ^1 resonant circuits 


Series resonance Aalualu u ll (jjHali dji jl J 1.4.2 

.AjLoJjojj (j-uJa ajlj l — 2.2 ^a A n txll Sjl.JI jLjjC'I 

Cy* . jjJaL jjaal jlo jLnllj l^ja jjSj aJUJ ajL resonance (jyJall 

(jl 41 ^»ULJ! (j-a ^U*aJ Lo^ic« (Jj^ra,T?k.J I^A (jl 48.2 

i (jyJia.ll jjjj 11a j . j (coL — 1/ ^yC) = 0 

%= jm 

Aj jLuia 0 jjUI Aj jl j (J* ^ \ A>y\ll (jj^aj (JjA^arkll (j£-oJ j 

Aic.j (jjaaljiLo jLulIj a^2>JI ^ — 0 10.2 aI^IjlaII ^a 

AjjLabc A-iLaiLaull SjIaSI ^ A^j^ill AjJ^II (j_J^ 6 •^JC’ (jill (jj vJall 
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• \ 10.2 (jn-a I^Aj tA jJjII jjlallj AjoiSUt-aj (JUa-Jlj 

4-<ajlL<J| ^kp i (j..i Jail «}Jjj -l^C. ^y-ix \W 1^^ x^aa \\ (jjjjJ^)]| ^Jj l^pajj 

!(jl 6 /? 1 AjjLoi-aj (jj Jail «ljc« Aj j» j>^al Sjl^l AjuLo-g ^ix-aj Ikl .-Lks 

Z =R + j(oo 0 L - l/co 0 C) = R (19.2) 

Jlojj 0-A^. SjpL-k-a (jyJa.ll Ap-uAuilll SjI-JI A-qjULo jl S»}C«Ui3lj 

dlLajULo SjljlJI ^9 &jlc« V AjV 6-lak9 L_kLJI A^ajULa R A*jULJI 

fe) 

V u =j % LI 



V= V, 


V -j%c 

Jj-oaj O' OU^J ^ c i S J^'J Aiuajjaj AjJj] jljWla (I) : 10-2 JLuJ) 

AiIluIluj jpia SjlJ jLp (l_i) . djLuu^Ij jj lui£Uj-4j jUxoilj (jpjjLuola jlLjjii jj£j La-llc- 
t ilall (ji 1 f n a jjjiail -lie- j .jpM J-Jjj j^ 1 

. jjialLi (jLuiSlxlaj JUxtlL jLjLutLa ASjLa]| j 


LlxJaC.1 / jl_p]l ^Jj-aJ cJULJI (JjJjoi LS - ^ • 4&1 £-Liuj) jpUl -l^C* (Jj«aaj 

c_j — 10.2 cJ^> m!1 <_£jjj •/ = V /7? (j jLoij 8.2 a1^L*-a 1] Iksjj c jpUl .^p -^c. 

•• pi"'' 

Jc- (_5 jLOjj - Qj'l" 1 " 33 jj .Vic. 4lijj3 ^Ajj i33j5ll aJ^Aj jLiil! ^ '** 

+ Vq —0 o') Qailall 3jc- ^jLoi£UOjj JUxalO j . lLa]' 

■loirs, .a ^3 ^_3alj li&j .V O-a ' ^>a£l <j_?^ 0)' '■•‘‘^■'-a O^aJj 

^1 L_l — 2.2 (J*s.V" ^^3 Q-lxall OllAi 4 jL0a]I 10.2 (Ji juaII ^3 pAxall ^-1x221 

3^. tOliLa lilj - jjjall .Vi.C- I jh^s-1 ^;. *aj j]l Q Ajj'j t^C- LaaS 

(_J^p O' '-iiiol l V = joLI = jCO a L V jR —J (jyiJ-all Aic- JaxJ U_kLall 
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\(jij . 10 ULo Lo IIaj t 0)qL/R ^1 (JjSj Lo^ic. V L ^$>V (jl 

-lie. & j^ill 4-<u3 V L .ikLi ! ^TkjJg^Q lg_jl <jLoilujj]! (jn3*i\l '•> J) J^' 

•V c • ‘>$ . >M 4-uiij J ^>; j • (Q {) is ^ ^ J-*-^ i > a3 ' -H ij ‘ <W 0 

4.2 JUJI 

^»-aj-a li-La 90 Ia^J_jj i Q-W 4-ic.^) A^cLi 

• _JL>° I ^A £-1aj l^kjgj^Q 

S^LujVI 6^)1 J ^AxjAxjila (jj'Jra 6^1 J (JLaxILujI 1 n^Laj ttillj 

90 AjLjoIujJ (jj*Ja Sjj jl c^jj_jA li-Lo 90 ^Ic- 

Uj.il jjfU ^jlilklj .Igjt-o A^.^)£Lq (jjij^}A li-La 

*_j !1a ^ cj? j • I 11.2 cMl ^uaII 

V 0 _ I j (coL-1/coC) _ j (coL-I/ cqC) 




V t R+j (coL - \coC) 



I^jLolI I^A (JUa-o 


^0 

(coL -1 /coC) 


V, 

■Jr 2 +{coL-l/(oC) 2 


(jj*i)*i\l .2 .ijc. 4_jl ^ x>i’n A.ia j . JUa^ll I 1 a l_i — 11.2 JLSil ^jjjj 

^jilL 6 ^)UjjJ j)} ^>q"i Igj] <_£l J^)L-a LC Sjl-ill <*jL<ixi ^i>/i"i 6^ = l/V LC 

C-_aLJI (jl£ ol jli jfLiJ 10 ' g"i* xm Aiji-o i‘* iU»**nul lili . ^nlnll JJjj (j-o 

cjUUj .L =1/(2;r/ 0 ) 2 C = 310 7 H= 0.3|lH 13 a V>J ^ ^3^ f j^l 


5 (j*° 4oLft*JI dsl^)lj]l ^3 (jjfLa (2 4jU 0)qL jR li)^)3 CJ9^)*j <—9 ^j~u ^ 

V c »V P i) liA^J ‘V c = I/ j CO Q C =V P / j CO () RC <£fLall ^jia ^gJc. liu^aalail lij .ojlc. 
—J AaLailuull ^jjjiall 6jlj Li^^” LT^*^ 2U2UC- . 1 j(O qRC ^$>1 (jj% LaAic. 

2 = co 0 L jR C 0 q = 1 /LC (jjitJI jjjjj (jijj»jll j! Ja^V) (2o = <y 0 L /^ = l/^C 

(jl <■ ji AA^ali 4aLailuall ^jallaSI Sjlj ^ *(^q — 1 j CQqRC ^^>*3 t — 

• j2 ^ 1 -4^. Q* 1^ J^5 
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£.Lij ^ja ^ \ >. j A_il (jl^)JjAJ j 6 (_paj^)ali]l j Ajt-uiH (jlluu 3 

(JaIc. ih"^ R A-ajS Lai . !^)Jj£ ^ic«l CjIa^jjII 6_jjir ^)j-aLixJ 

(jiajC- <jl£ /? Clul£ LaK ^1 (Qq = CO {) L /R —S ISfij 6jUI <2 

• c3J k <LgJ)^. 



. JJJ^l ^JV-Aj ^$>11 43 V \14 (41) . Aaj^ £xa £L-ui ja (1) 111.2 J^uJI 


Parallel resonance 4 jC- jiiil £ju!aJ! dj|jb 2.4.2 

ClVTl t|—12.2 JSjill (jk j)J.uAI jjij Lc-^SJ <2 Aj]I C^j 121 

.tank kjjl_k ojIj jl tuned ^slj-a sjl ±2 ULi^.! aac.^^ jyila SjIj 

^-adjj tliljlj CiVli"iljjg'V ^ l±jj2j <jc-^}i!ill jjjilall ojlj 

jLu 4_ic.__)i!i]l »j'^' ^ >y ‘AjU-aSI li^Lkj . l_i jt *^a Ajj^jj Aa^^. 

IgjS Ij JC-JA 1 g \» ‘N J Ia I^A J w Q) -AjC- ^JJJaJsiC. 1 lA.^.ak J IgllxjlAA J '■■^ 

si a * a 

ji k_fll JA ^‘N.jJaA ^Iljj ( ^?kiAA ^gJl lg.Ax>a J . A_i1axJI C:ljldl ^ 

A_ic-^iij]| / j<*<i-»\ l *> (Jj\Vi (j^AJ j .JaSd IgjS l_JjC.^}a]! vs.jJai lilj 

JLLa] »iVi . ^Liil] C_fl^j^jU (JIaXJjoiL Ajj)g nH ^jLiJ ^-UA (JA (_£ AxJJ C5^ 

Ip jLn3l ^lauai A_aj 3 Clljl£ <, Ip <_£ jLaiJ S JJ^ 4 aj3 1—12.2 (JSjaII ^ n^\l J*i» 

j)JJ V -l£2>. £ujjj • I p = I R +I L +I C UI*AI aSLx]\ Ajul'j] iUiajI 

Y J Z jL; ./ = v /Z = VY SiXdl ^ SjVdl ojldl yh jL 

j^jAc. ^adl '■ ''^;Uoo (jl l^)Jajj .kjjliJI 'i j \dl 

: ^dJi 
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(t) 


i=I coso) 

p 





ujilL (jjiial) l^a, (i_j) . HjIj £ji« Ifcjixj AjC. jij jjjla sjb (I) :12.2 JLu^I 

(jiiiai) lie AjjjJall AjuiVI kUA a . j UaJ ll^J AjLulo jLuII w ’•>■ 1 a) (jjilal) AAjj 

. Aia ujjULj 


F =G + j (o)C-l/o)L) (20.2) 

lAjulaJI j AjlVOa-o (_£ jLulij . (j = 1 

|F | = ^/(l/7?) 2 +(®C -1/«L) 2 (21.2) 

1 ' V'l HcoRC-R/coLf 1 ' 

f. jaj jl A_i]_jjsjl jl AjuIaa]! jj£j (j! i _ I'NJ i jjiUl .lie. j 

(jjiLtSt ii jj ijji) . coJO - l/o) Q L =0 jl i>j 20.2 aJiI*_a!I ^ ^\Wil l 


CO,, 


1 


4lc 


• l £ j'- u y 
(23.2) 
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• 18.2 A-iLoiLau]! (j-niail s^l3 ^j : nJa 33^!il JjLa-a ILaj 

cA_ic.j3j]I Sjtjill (jjiia 3ic.J .Y =1 /R tj.nla.lt -lie. A_Jjjall <Laj3 ^jLojj tlxjJa 

|jjjS ^JjSj (jl tC J L A£UaJI LsC5^ <-Lll jLj3 


<- *d*all jLjj ‘LiiLt-a J^lA. (j-° cilli Ajj j ^jS-aJj • / ^ n.all jLjj (j-a 

t tf/« 0 L»l u^ 'jj / L »/„ O&J ‘dpj -I h =V/jo) 0 L=I p R/jo) 0 L 

I c ^> 1^ (jl Ajaiij t_£ jjj .AjIaxI! CjIJ^II ^3 &3le. AjuLkilt aJI^J! ^aj 

(_£jLolJ 2 &3jaJI (J-olc- (j! ^till £-iaLdl L-ij-ujj . co {) RC 3> 1 La-lie. 


.Aj&jsjII jjiialt Sjb J Q 0 =R/( 0 q L =co 0 RC 


L^jboj) 


5 JJ* x -° 


A_iLalluJj <LajLLaJ J.baJ.1 A_lLalLau]l (jjjllll SJ3 li^Uj 


tjj£j c (A-aj3x-a A3 j£a]I j <- \\ a \\ -li3li-a Lg_i3 aJ^L^I SjU ^ jL-^l 

A_iC-jij]l Sjl3l! ^3 7? ^jLaiJ^ 13^ SjdJlS (jjlUl -lie. Aje. jillll Sjl^Jl ^3 <LajlLdl 
-lie. 1*_a LiUjj AjjJaJj^lill J AjjjuoiI! (jjjc. jl ln<a\l ji ^Jj Ijiai j . (AjLgj^U! A-ilLldl 
C-.fl.t’iik.J Clll33jj]l -lie. Lai ./? -Lais A_iC- ^9llSI <LajlLa]l (j-a AjtiLa-al! c_aHjj 

13 l^jLoba j! j3jj C j L (jV (22.2 A_!jLt-<2l^ AjuLa-all ^^asLiiia c^nUI 33 jj (jc. 

SjLuij I j3-i» <a Aj jj3 Jl -lie. V 3^_aJI (j! ^3A • A >^UlLo AjuLa-a 

(J*a. Jl A^U. A-aj jj£j 1 <a n*s Ajj'Lia <1L^. a3Aj cLC ^3^)la (JUa-all 6 jjj£ 


<.—LiljJ aj t23.2 a13L*_a]I ^3 Ajuaill jl ^>j 3 JaJaJaJj ^ 

L_3 — 12.2 JLS1I .Ai]j-<J! Ai-k-a LiA (j-aj tAallk-a 6^)1 ^11 

. (jjilnll 33 jji 33jj11 AjuL (.^ *n\I jlj AxjLaaII 


S^jilLa AijS-o (^JjUuII^ ^oj-uuJI c. <ajlj!i3l djli ^Ij3a 1I ^3 (J-ajtllujj 


3^jj (dil^ikj^ ^-a3^)ll c_su]jj]| Clili 6^-^.VI ^ Lol .l£j-a]l j\ l^Jjlc. 

^3k*.La diode 3 jj 3 ^j-a AfifSLdl cJjijjabdl 33 jj]I jL^JaV ^LoiLoi L^iS 


^nij A-ix^Lkj l3A Var3.CtOr La ji c3^JL Aj3 

(j-aj cAjuaJI 3^JI l3A ^niliJj .A_ilc. ^ilxall 3^JI jm'i (j^- Ali*_uj 

aJ)^.l S3lC. ^jjjjjA 10 jLoiJ Clll3lj^J .c_alj-a]l 33j!i]l 
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•FM Sj^.1 jL£ 100j tAM ^UxaII 


^ajai_j (j-a 3II <j-a (j£-aJj 

^C-\ju1 ^ 12.2 (J^julll .4JLo L_J^)i3ljj ^jj/iJall ^Lxjuill djUala^-a 

<j jLkll ijldll (jjS djdic.j i CO 0 (jC- (Jaj ddjj die. (jjjj^iall ,1g -s'l j JUUI 
ojldll jadij .4i!ifLa]l jlij £yt i. <loll ^g3 jlij jj^o 1-JfmJ 4-UdaJj^J 

(jl A » Wax'll mV I (jJJJ j .(V (jc. ^>i.ljj / ) dg^JI (jc. jiJjj jldb 

(_gdll / c ^JaLall ^l*2i]l (j»o ljj!i£ Ajlj tV (jC- 4^.jd 90 J ^kljj 7 L 

jLuSl <jj£j <-(O=CO 0 (jj^J Ladic. (j) tjjdlall dicj .<a.jd 90 _J V (JfuiJ 

!)l£ (j£Ll . (jdaxoll 1 -ag k^-i*) AjiifLallj l_sLall Ijldj tS^J (Jjjdjljda >" J 

•/,,!>!UJ^d u' <j^-«d W“ 


5.2 JUJI 


jiC.jJ <22 4 jlae. Igjj Jjiij .4_lLaC. <jc.jij (jjila ‘ijld 13.2 (JSLiJI C5jd 

i _kUI “LajlLa ^3 / ”7? dlSlLall /jld . ^Jl a£6JA ddlULall ^uajlaj ^jlfLaj 

odd Cl2)LlLa da. jj .<i3 AiiL^alda 4-ajlLaJ < < > s-i\] i iLall dlliai (jV tLajId ’id_j 2 ._j>i 7? 

'ijjida Ai!ifLa J,<Mt..U jjj i" n-\ t jlilillj ^Lliall Sj^al i—iiljj dllljld ^ 'idle, ijldll 
ijldll jji)~i ddjj i _ n«*0 .<jjU->.all iUSlI ddjj jlj'WV «.l jgJI Jjte- djld 

.<jddj!ill l^iLa j^, jdajC. j Q l^jdja. (J-alc.j 



1 tlail <ajlda <_jA R die l^ kkd a ^ aA*c. l-LAjj Sj)J :13-2 JddJI 

. L^d> ij^iadil od«j V 
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i^JLII JiLlb Y = \jZ=I/V SjjlI <it& (j^j 

1 


Y = j coC + 




R + j coL 


. _ R-jcoL 

= j coC + —-- 


/? + co L 


.2 j -2 


- + J® 


c — 


R 1 + co 1 L 


,2 r2 


R 2 +co 2 L 2 

(_£jLaiJ jjkal jHa V J I j^^J Lo^ic. jj i3*ill 

jjilall J^Vn tjjj . jL-all aLLJ! <bb_LI ^ IjVil l «. jaJ! 


C =LR-+ (Or, L 


: U' clBf^ 




1 


VZc 7 


i- 


/? 2 c 


i L ^ > R~ C 41la3! La Lille iSjjadl AjILxII dlliLall 5JLa. j 

llJSLill ( _gi oJjl_jl! ^j&ll (_paJ_jajj . ft> () = l /'JLC Jjg».alt (jiilaJI ^LilJ 

I (jj ill 11 JJ JJ ( _ 5 Hc. (Jt.n'N '\ 

I -I-— 

1 


«(,= 


Vicr^icr 


1 _ 20 2 10- 9 _ n6 


10 


,-3 


10 rad/s 


.(jjj ja jLS 159 ^iLL L> j 

^-ajjoJ La IllAj t4.bg.x JJljlilt baji ^3 ^giLill ^gXjjjjill ^lg_b 

J-ale- jAj i Q 0 = co 0 L /R = 10 6, 10 3 /20 = 50 —j Q <jc- j^ublL Sjaiba LI 
I‘La JpL! t34.2 biLLdl (JLmbubj dll -4JilLil o jl J; oJ 

5 = 0 )Jq {) = 10 6 /50 = 2 ■ 10 4 rad/s 

. (jau ja jL£ 3.18 jl 

Q-factor and bandwidth 4-ajaJl J SJj^t J-alc- 3.4.2 

6^)1 J ^ ^JjLjAjaiLo L- 11 aj A.Q'Vsa ^ic« •nII jl U^Jjall 

jj i In 11 J 4.,9 j£a. 11 j L_aLJI jl j c^IaII jA ^£1 jj^Lj u' j^-aJ 
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Sjlj jIjjc.1 (j£aj (j-o .^aaaII jIjj ^ja UjfL (jl (J^aj <Uc.^>i!i]l 

-1^.1 J . ^Lull l.A'TkjJaA 4_iC.^£ill (JJ ihll 6^)1 J JjOC-l J 4 ^..^..U Ia^aJtIA A_iLalLau]l (jjjJall 

SjIjII 2g = O) 0 L /R =1 /OyRC (_£jLujJ l 5^ (J^alc. jA t -kj-^ j Ji‘il l jjjlx-o 

ajl-lll aJja. (Jxlc. (jl -laa.V) 4-jc.jijll SjbU 2 (| —R/(OJl, — CQqRC j t^;l..il.,i"ill 
CilVLajCLjjl (j-Q *(^ s — 1 /Qp (j tA_lC-^)£iil O^jl.21 (J-oli- L-J^iiLa ^A 4-iLulLaii]l 

Lai lajj tA^a^aJI (_ja^)C. (_jl tjjjllall Aic. AjjlSijVI 4 (_£^>aYI a.i_jaJI (J-alx- 

.aJ-12.2 J a_l — 10.2 (jjKJoll oLnj 


_j (J^ilc. . dlLiajLoiVI (j*a £2 aJ^aJI (2-alx. jVI a_a^joi 


2 = 2;rx 


( _ 5 _alaxSI 4_jj j^ail A _aliall 

Jjj_SI ^_3 aJJ_lall A _SUall 


(24.2) 


(jjiLlI Aic. .I - 12.2 J£2ill ^ a null ^uc-jilll S jhll (JajLiuiJ IjcO 

<c.lkLojVI tI p =I R j / l +/ c = 0 uj^ c^l 4(^=6%) 

^)a 6 J.^aII <5L!a]l ^Jaxj lil • P = V 2 IpR ^3 6 J. In a 11 

!_j T A-maJI A_^.j-o]l 


w =pt =-/ 2 t? — 
2 p ^ 


(25.2) 


.l^Lils <. >^il Aij j-s.all Aaliall >— Am-s Lol .T = 1 jf =2 jrj(D q <• I» 1 L 1 
4j5jfLall ^2 Aj c J ~n Jl iil]j (_j jLuilj i VlLi * si-all ^-3 Ajj^i^all 43Uall (_£ jLol! 

•v = R I p cos <£[,? <jjU2l 0 JLSI ^jL phall i ^?2I ^jLiUj . ViCi’ 2 


111 A~\l 


a! 1 j)A jjVsll j . jjjjJajaij ^jJC. 1 "iV Ixfla Ac-Ualujl ^ ■q'n > 


(jlj jl ^11 (jIjIa i.“n>nl 


J J4j .S^joi.VI aA^^aII \z- UojjjjVI ^>J~n >^vi 4(J^.1 ^)a 11 oJLl«A a -y*! AjIaxII 

^jl .ialjill Ajj^) Ac-UaJLujVl ^->~n S^loiVl (jl *•. 1>J 4Ac-LlaJj-uVl ^J'V 

jjl ^jJal^ll j)A jjli idil^S j^)£a 11 (j^J AjjliJa 1 g'lc-l AthuI e^Lij jjj £j jjl (j^-«J >.^->^ll (J^J 

Jal^S jj£a 11 (j-a IaI jJj-oa 6^)1^] ^“V >^n*l j)l I'NJ ,1g ~n t." ll ■o'N x>>x> ^A j)A ^jVI lK'j^I 

jl <1 ^)a 1 g jll t -vll j>j~n »>iM (J^.1 ^a o^C. j)A ^g-LaxJ' >>>^1' (. <ll“n 1A1 .dlUaljS S^C; ^jJj-ua ^gjj 


.Ac-UaLoiVl >>»M (jl^l 
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41_lifLall 4j c J ~n .all 4jjlJa]l “UjUuo 4 jIj£ ' Tl^-aJ 111 


W r 



1 

2 


C R 2 ! 2 cos 2 co 0 t 


(26.2) 


i c. qUI aJjLUI aJjLuqj 


1 i /1 ^ i 

w L = -L i 2 = - L ( — £ V </f = - C /? 2 / 2 sin 2 O) 0 1 (27.2) 


: h-s\ ^ci ^ <jj j~n. all 4 jKH asLLJI ^jLuuj 

W s =w c +w L =^c R 2 ! 2 (cos 2 <w 0 ? + sin 2 O) 0 t) = -^C R 2 1 2 (28.2) 


AjAiil2a]l (jl ^Ic. AjLLui]l ALlx-all ^9 j 1.1^ ^ j>JraV) 

\g*waft jIa j L_aLJI jj£J jjiLJI Ale. LC SjUl ^ 

aIL^JI n 6<9 j£-^]I ^9 ^Jj C!j 9^]I ^9 4 x-^LiLa j c. qUI ^^9 

^9 c. qL.11 ^^9 11 A a\9lW ^11^. A»9j£-<21 ^^9 

• VlCR^I~ (J jLajjJ All jIj LC ^9 Aj^j^^ll Ail&ll AjUal! jj iAL^I 

!_J (J-alc. (, Ali.pkj 


e (J 


„ w 

: 2n — ■ 

w. 


2n- 


Vi C R 2 I 


2,2 


V2l 2 R(2n/co 0 ) 


(O 0 RC 


(29.2) 


4jt_u*allj “U^IxaII 4jIj£ (j£-aJ 4 G)q = 1 /yjLC JLaaCluiljj 

(jjniall 6J)\ J cJ-clC' CjLal^J A_lLaUi -Q 0 =R/co 0 L 

J dOOj 10 (jjj S^lc. Aj \j*x 11 jjJ jl! diljL Q s ^ . A^LuLil.11 

.Cjlc.LjjJa]! a j.s-xkw* djlaL ^^ic. <^1111 AjIjIaII dills ^Aaj ^1^. Jj-al 


Aj«iJ^)j]! C (JLaxIixJ AjQj^ (jVI (j^ 

^ix-aj Ia^jc-j AjuLa-<JIj A^..2fc.,IlJ (jl c *qj^> IjLc. (jl A-mlLll 6^!-ll3 


^jl ^ (jc. JJJJull 6 JJ» 4.0 Uj^)^. (J^atLuU Ujl Ja^-V 

.IAjj&j <Hlil! ^saill J L_JjLlLall jLull L>® aJaII ‘Louaax 
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\a\ {^ya^C. .(jj'Jall .lie Aj^iu^l jl Aj-tJaC-l 

Lol cJLa*Hui! IVifLaj . ^AellaTuaVl c. flx^i i jl) —3dB .lie 

:l^_ia <J jial\ ^jLujj ^lill J — 12.2 JSjuJI ^ Ain-iall 4_ie^)£i3l 


F =G + j{coC -1/coL) 


1 + ./G( 


to co, 


V«o 


'o 


_j l^jajLaxs ^Jaxj 1 1 2.2 (J£joJI ^3 A nj^ll Aj 
Z = R +j {coL-1/coC) 


(30.2) 


(jjilal! 0 jb j! 

(31.2) 


R 


l + ,/Gf 


V 


^le ^ t)Vn lillj ( ^jti^jLkiLo (jl ^jJal ^11 (j-a 

^aULallj Ja_uull L_J^)jJa 30.2 AjjUllI 6^)Llxll CjjI ill 

iQ 0 = R/co 0 L = co 0 RC —j 3j^jU 1! c^y () —j ^Jjaol l .laJI 

• 31.2 (Jx3 .Q 0 J-cU! 

tu/Jill •lie- .l — 2.2 sUax^ll A-iluAuilSI QiilaSI Sjli jllaj Lic-j 

(J jLolIj LiaIsiC- 1 I ^Lilll fcZ () = /? (_£jLujJj Aj^)x ksi\ Z ^juL^aII 

l \ L^ jUj JJ Ajbaullj / =V !Z jUIl UJ v rtJ lili .7 0 =V p /R 

13 

: " Cll-la.jJI jiJAc. jl-lLa ( _ s Ic. 

^/___1_ 

/n ( CO CO, 


1 + ,/Gr 


3 


V«o 


7 o 


(32.2) 


^ 4 \ll.ft)' Ajo^jajll ojb ^^jJa i j^j V /y 0 ^)V',"i..i.o)l 7 . 'I ojUxll t _jjoaj (j;)Vn 

y Ig -n)I 4Zq = G = \/R ^jL^ujj Ajj? .b Z Ajl^jjsll tVl»3 .1-12.2 
u^l Sjb J Jj jj&j .32.2 A£UJb Z/Z 0 j V /V 0 lil . V 0 = I p /Y 0 ^jl^j 

V jv 0 Jjl=> (J^a i(b>.Jj 90 —j jLull (3f^! u! L s‘\) 0) < (O 0 Jjc. Ajiiujij UJ^ Ajc. jsull 

i = <y 0 2 uc 4 U 3 L . co > co 0 uj^i <?■ -90 <j| ^ +90 J^-j 

.l^)ij-a S jljll (jjSj 
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kc\ Wnuj/I L- Q^a'i ^ilnVi jl i— 3dB SI ^jW<Ti t^lc. (J^Vij . (jdilall ^C. AjJJjjSI 

^ IJA (J^a^Jj . Si 4 .Lqj 3 tj-° l/ V 2 ftlViUa a l l jliill n LaAjc- 

La-ljc- ^1 c+1 ( _ 5 IjiJlI! 4-<y3 (_JjLuij La-Iic. 32.2 4jjl*-all 

2^lj il/l 0 = 1/(1± 7 1) ^ tWj .Q 0 (co/co 0 -co 0 /Q)) = ± 1 

cK cl) -0 (jl >*l\} (jl Uli ^2 j (jlj^jpll Lol . 1 /V2 <_£jLaij jl.vi^Sl l-^J 4 qll-mSI 

• (jjjipi»]i 


Gn 


^ &», <W 0 ' 

V "0 ) 


---\ 


Gn 


ft)j = &> (| 


1 + 


' 1 ^ 


V 2 G 0 y 


^ &> 2 (O 0 ' 

V «o Gi J 


1 


= +l (33.2) 
:U^i 


C0 2 OJ {] 


1 + 


' 1 v 


2G 


+ ■ 


V^o J 


CO ,, 


2G 0 

1 

2G^ 


i 

: B <* jaJ! (_>b JC. fti, J (jjj (jjjill (^JaJUj 

(34.2) 


rt «M) 

= — 

“ Go 



AjIuAuuH SJjfl 4 JIa <_ji w *•**«'( |JA (jjiijj .AjiiiJa SjIjI AjJJjI!) AjIaIluVI :14-2 

. Z/Z 0 ^j V / V 0 yfe SJiil c7 /y„ ^j 7// 0 J!* 
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14.2 (JSjoJI C5JJ -Qq &Au VlJ 4»o_)aJI t__yajC- (jl (j-a 

(jl£ Q q 4-ojii dljlljjl Lal£ <ji Jaa>V 'Qq _1 sJbtl 32.2 i'iljWi« 

^ jxun.n'1 Sjl^ll AjjUiiijl Clul^j t (_3J > >il 4-o^vJI (_jjajC- 

tAjajjjJI <La^2»J| ^ai ^^21 dila CjIjLoiVI Sjlall o2& ^jj 

(_pajc. (j£l .A-a^aJI ^aj ujlj CjljLiVI .uVij 

JJ Uliali .Lojla 4a2 IjjC-^a (JaJ 4^.1 WnnVI l q. .Vi ^gUlaaj (jjj (jAjJall 

^ya (_pajC. I “Loj^J ^Lajuill 4_uu AjJJjlill 4_jl Vl.22 I oJA ^ysu^yu 

tAaLaiLaull (jjlLlt a_jl J 'UjULg Q A-<u3 ^ 

^ic. AaIxJ AjjU^ll (j] .A_iC.^jiill jul^ll a^)lj l^alijj J 

^)-0 6^LujVI (_£ J)*W.d (jl^ UK 6^-AxJl A_^.J . dlU^l*-<2l ^)-<S 6^)L*iVI (.5 

a^Lij ^ 1*1 Vi tJlUll u' +j djU^Lt-<JI 

Jjddll dil^jLij ^ViVij ^iK 3 (5 jUli ^JJ A_ijlg_ll A^&lU^ll 

djI^jLij ^1‘Wij 10 (_^jUij ^Jj ajc.I 3VI ^^JLUoll 

200 ^jUu ^Jj AjcUVI (_£J-^jj 1! (Jj.teMl 

A_ij^jaiU. CjljLij U-lo 6 1 g a-o^^. ^Jj JiliH oljLiJ 

5.2 (JlUl! .^jjjj^)A li-La 12 Lg-jJa^)C' U^aC. 80 (j-G ^ 

.AjtjLai Ailj-a A_i^j-il^) dlUjjJ oj)\ -ll < U_yUSI j y^iilall c_jLai^ 

I jl {) 61 2.2 (J^julll AjUaII A_AxjAuu3! I^J \\Jrall a^U 

(J£jill Aj^juoj a^jljill U,dc« ^1 t CO<^ O) 0 Cjj^. Udc. —90 IjjUi-g 

^jj£j Udc. +90 j CO — CO() l£^ A-lojIU ajl^ll (jj^l Udc. 0° j w^ 1 10.2 

ajl^ll aJU. ^ (j\ J^il c jjJal! Aiiic. l-jU/umV . 0)^> C0 q (^1 tA..)jJaJj^J 

^Uuillj (JU-a j t.^ jUlj D_j^la + ^ A-JjaJjajjll 

.^Luill cilli Ij^udo I jl q jl L_J' 2.2 (j-vKdll 

6.2 JUJl 

^L-J^ .13.2 J<;Will AiUal! a^)l^ll AjJJ^plI AjUj-ujVIj AjcjUaII L_bai^l |l| 

^-l+« 1 c5jUjj a_jl^ll ^)U1I ^)Lpll adi J ^jial^p3lj 
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UjIjSJ ijlll £i \jlJ j ljjUIaJI jUi! (jk A^UaluiVi 5.2 
Power in AC and RF Circuits AjjjJI jil 

ti—al£ "ujjliLalt jLj]I CjI jb ^ ‘Ic-UaluiVI" jnAqll (jljixll t^aljll ^ 

,1g ■?. j al-ii-all tilljj t(jbj)A 60 i_$ jbuj o-l-ljJ ^ ■>; ol-li-all ijJJjljjl IjK jV 

£jLaJI i_SjaJI (jl VI .i—ijllLa jIjj bjb LaA t(_)jj^)A liu-a 100 aJJjj ^ n'V 

^1 tilljj ti_jjliLa jlij aliljb (jjij^)A 60 _J ^glill aliljl^ll ^>f«J CllLumall 

Ajjjjlj Cllbjjj Cllljb (jjj^)A I jj'N 1 (_)jj^>A 100 (j-o dlbjjij (_fa*j 

% 

Uua. 1 (j* J&.\ cjbjjii Jxub ^11 CiljloJI j t(radio frequency RF) 

Jjklll jl a£Ij1 tjjySa Vj .microwave bjjjSbll ^1 yti\ CjIJ^j ^bjA 

. dll jl Jill lilli (J£ ^^ic. (JllVlJ ^bll 
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Average power 4^1 wl ,s\ 1.5.2 

jUj J\ a jb i J\£. v (t ) =v COS cot c5^l bl 

l 

:—J Ajh^lll Ax-UaLAM duke. I ii(t) — 1 COS {COt + 9) cijbaJ 


p(t)=v (t) i (t)=V p I p coscot cos{cot+9 ) (35.2) 

y / 

= p ^ p [cos 0 + cos(2 cot + 9)\ 

ciilij i pit ^ L>j. ii jj Lot (jfLoj l P ^ Li * .i jit <c.t ln“uuVI ^^ic. j 

jkjl) ^5^31 £jLi]l jjj ja T = Injco d jbic.L if = ^Jp dt j jT 

-laJI (jt ^tVnmt J 35.2 AijUjtil AjjLt-o Akt>aUj qSuoJ jl t(t >^njt 12.1 aJjI*-o]I 

^jLajj 4'^)^ QSI'S.A k £jtj (jl J CllAj l^j-0 cJjVI 

I ^ <C.lJa.UjjVI lil 


p = 


7 /> * 

——-cos 9 

2 


(36.2) 


j (JJJ $ C3^ ^Ll]£ A-LajULa bj)\ .ill dljlS I3j 

^113j iP =V p I p /2 = RI 2 p /2 J\ aJjIx-aII ^ liAj 

>. Ai^)j^aSI jl Ajj»jcui3I AJL^. ^^3 Ld .12.1 2^jUra\l 

. P = 0 ^-lajaljll A^LLjjojVI 6 0 — +90° (jj£^ 

(J-alxldl ^c3.».ui]l Jjl^ll! J-axlLuij Lid 

(jjjjjU! jLall j Jig. is., 11 ^C'Iajuj AJV*iJ pit ) ojliC. AjLi£ In^aj 6 L_JjIHa 5I jlllll 

: 14 aJL2! aj^I Jc. 

p(t) = ^Re[\I* + Yle 2j0X ~\ (37.2) 


dJJjjal Jj2>Uull J A*_uiVl (JJJ ^OAJ aJ li] J (jl (_£^ (JauBI cd) 

. JtnIIj ^JaLall I^A Ajt-kiVl ^n^‘l 
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• I — I jA i ^Lsuoij t V = V v 1 *-uj c35.2 4-talx-aI] lia jj 

A^Lca!! j^a ^ \x') Re j 6 I_1 (J3 I_ja]I j^ 9 J Lai 

i^ya JjVI ^?-i>uAg.1 WuhVI ^Ihm lilj c35.2 Jj J l^ji -^?-j 37.2 

:37.2 <bU-2! 


P =-ReVI* 
2 


(38.2) 


4juaol j<aj>/i*n ^llll A^ljaiu^V I dAjLua^. ^a AjtjLill ajLlxll ^A & ^Aj 

^»jl <jjj13 (JLoxJjuAjj .36.2 aJjLcaII l g j3-ax‘i ^lill A-^mll ^Jaxj ^Aj t AjjjJa 
aJ^LlaII (jc* ^n*j]| LjojI l Vi^Loj t AjuLa-oII ^a Z = R + jX (jj c V = IZ 


:-* 38.2 

1 . .2 1 , ,2 1 I |2 

P = —Re I Z = — I" R =-\I R 

2 II 2 2' p| 

(j-a £^^JI (_£ j^jj ^C'I-^LujVI tiljL^jjujI ^3 (J^-lj V 4£3j!LaI] ISsJJ 

: L^ 1 /Z _J 38.2 aJjIxaII ^3 I (jc« LljJaxJjajI I jj (jiiallj . AjuLaaII 

p = |r eVV*y/.Z* = ^Re|V| 2 /z* = ^Re|V| 2 z/|Z | 2 = ||V| 2 R/(R 2 +X 2 ) 

. A!l^j “La jULa Z diilSi 1 31 1/2 |v| /R (Jj ^JjAjlaII 02 a J Jij j 


7.2 jim 


^—3 (JJAaII (jjiJ (Ja^. £A JlLj^)^ Jaj 1-TS A 2). .|1 jj ,1g ■*. ^AAA (JaAJJJ 

.Ja^JI (Jj <a,V q<\ll Ax.1 ItaaiVI i. n«*.l .15.2 
: J.n-'.'l j It*. It (Jj ^-_lia]1 ^a (J^lLaII jLJ ^jLolj 



R l 

20ft 

, X L 

SjlOft 


z. 


. Z L = R l + jX L 4juL»a]Ij JiaA Jaa Jl AgUalml aiL £jia :15.2 (JiuUI 
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/ = —= 100 =3.44-7 2.13 = 4.04 g~ j31 ' 8 

Z 21 + j 13 

V L =IZ L =(3.44-72.13X20 + jlO) 

= 90.1-j 8.2 = 90.5 e" 7 52 

! 638.2 aJjIx-oII (JL&xILuAjj 

P. = — Re V. I* = —Re 90.5<T j5 2 -4.04e +;318 
L 2 2 

= —365.5cos26.6° =163.5W 
2 

i^jLuijs Jo^. Ajc»1 I^TumVI U! 

P n„e = -III 2 Rw = -I4.04I 2 • 1 = 8.2 W 


line 




P = —ReV I* = — Rel00-4.04e +j318 
5 2 s 2 

= —404cos31.8° =171.7 W 
2 


«j ix>\l <Lc.Ua.UjjV I £JLlUI ‘Lc.UaJjoVI 


4jblu*a. 4.n-ujlll ^ajaII jiak j! AJlxill 4-aaill 2.5.2 

4^UaluiVl 

Effective or root mean square (RMS) values in power 
calculations 

JJjj R “LajlLa ^ (_33 JUJj ji^ol I +J.l4 j.Zu.haH jUdll (jl Ljjj Ja] 

jlilll tt_ijlilall jLuSI a3^. . 1 1 R ^jLuu 1 ^j2 ^ Itjoij Sr.1 U-n.,1 
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lj3jC« IaJ^ .Jal j / “/? ^2 lAjlAiLa <C-Ual*jjl jjjaI I /} AjjjA (JjlaiJ ^jaII 

_j cjjIilJI jlull effective value 4-SUill <aj£]I 

A^Ua!iu:V! jj£jj . L-IjIaIaII jLnll dlV aIca V 2 (JaLlII 4jIj£ 11 Vi 

jlull ^ULa. / jl UjfJfrl IaJ L_JjLuaII j jaLoiaII jjjlul! ja J£l I ~ R 4-Lal.AjjJJ 

.ailiiM jlull <aj3 ^^a l-j jlllJI 

jLu Iujja lujl jiajASl ?(jj^.VI CuU> jaII AJliill ^Jiill ^A La 

L_fijxu ^jlSI IojujjII 4^.1 J*aVujjVI jIaAa Lo 3 ./? ‘LajlLall A'\\'\a j\ 4juja 4 ^.ja 
(JLa*i1ujIjj .^ n~v.ll jLul! 5JLtill auSlI Iua^.jI c 12.1 aI^IxaII V^lajlLall Iaaau 

!_j ^gJajajjll Ac-lJaLAxuVl L_fljxj 4 <jLu1a (JjIsm 


P=/i« (39.2) 

jlull J .411^.j-a JSja l Ag a (jjjA jlu (jV 4lltill jlull 4 aj3 ^^a / ^ 

^Jajuojll 4^1 WnnVl ^aAiL (jilt JaLuaaII jlull oAuj (JjloU dulu jA Jl*i3l 

jjAll JaIS ^1c« (JjjJ jlul 4j]^v\il A^-UaJjojVI JaJjoajJJ tlajAC^j .R 4a jlLall 

^12.1 41aIla 1I jiul) 

P=Y^i 2 Rdt (40.2) 

* fi 

1 *a jjjjj^VI jj12^Li-a1 I J^kjj 

/-4j> ( 4i2 > 

4 aj qil cj»^i c jlull ^jja Vjl aa^j c 411*111 4 Ajqll aL^uV 4jl 

root ^_giaja3j]l 4jX_UJjll 4 Aj^ll jA^. V W ’( c^Uaj . ^JtdJjlJI IAjA^. A^.lj ^aJ J^XAI^II 

(> V^j Ullc- /^ j-ajll JUxU jlil La Iaaj ii jlull mean square rms 


./ 


eff 


^Jajoijll <c.Ua!LaiVI jc« jjjjtiill 36.2 41 aIia1I 4u1u£ SaIcJ jVI 1 Vi^aj 

I(JjjA Ag_v jl jlu (jV R 4ajILa1I ^^9 oAA.1a.1I 

P=VL P=lLR (42.2) 
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aJ ^Ja^jjjll Aj*jjjj 11 A Ajq'l ji^ (jj-3 iAlLlj ja!1uja 1! jLnll Aaj 3 (jl Jj I jJajJ 
^jLoij ^lill ^AjljjaII a_^.ja11 aJI^. ctilli jl jo ^Ac-j . AiiASlI a aw \\ tilL <jjLujj 

(jjflj t J^Vl jjill t, \) ^3 —V J 4 jjill c. Qj^a'i ^3 y p A_±^ja 1I lAig.'X Sjji 
liA j 4 ll^. ja A_JLaill 6 jjill £Jja (J* AjujaII A^.ja 1I ig y £1JJJ^ Vrms = V 

jV I (Jj-^all ^ LliJ i3 J . (V ^ A*lAj3 JAJjAA ..^..?k (J JJL3 a£ A_^.JaII 6 iA (J^xAa (J* >J 

(JjLaj fijjill (ji ig -n'\ ^^Jajojjll A j* njjll A a\<\W j. 1^. (jl \ x >ijl 

.(J£joJ! ajAEia a_^ja! AlUil! a Ajq\l ^ut^i c_fljjai t^Jliill Jllol! ^ .\Y rms — j a/~2 

8.2 Jlid 

Aaj^. tiLj^lil 16.2 (J£-uJ! ^^3 (jjiA.lt (jjjill ^jISaII i^aJI JaxILluj 
A-lxJJjjl! A Aj^ll ji^. Y Um^I .SjLoiVI ^-ujIjj jliiUI fijjj^a ^al ax^i ^3 ClAjjJ^lVI 
• 2 V p S jjill Jl 6 jjill (Ja ig y\\ A-aj3 L^jS (J jLojj An IS a A_^,ja 1 ^JajoJI 
clu^. iV (t) = (2V /? /T ^t fijUxllj +T /2 j —T/2 (jillaai.ll (jjJ i$JI 4 aj3 

.-Jjalui -II iaJI Jx* (>-jSII (jjj ^j^jaII i^kll Jjaj 
lAJUtil! .Ig-?J A-aj3 (JjLaj 441.2 AJilxAll (JLaxILuAj 


1 r + T/2(2V B Y 

y eff = .,- f —-t dt 

elt A J i-T/2 J 


T +77 2 

K?, 3 

Yr 3 ' a Vs 

-T/2 


(Jjoij <-ajlLall J] jyf3 (J jLaJ (Jill jaJjoiaII i^aJI ‘lP] 

. A_ii1ja 1I A_2h. jaII ji i,g.2kll l.^^Jraa.j ^lill (jj^uailll A rA Wunl 


.^l£jj^l (JLojjj UjllLa Jal^S 120 AJlxall A M-alxll Aj^jt 'vMI j A_j 1 J 1 a 1 I ^.Ijj^il A^ u\‘i , 1 g ~n ^^Jaxj 

(_£jl_iaa3 ^ ,1g -y\l l^A Au u3 Lai . — 120"\/2 — 1V0 V (_^jLuU ojjill jl 
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.jjJ jLiia jjui jLuj yl c Aa>« 1I u ifi< : 16.2 JSJUI 


Power factor ^Ua2*^VI J-al& 3.5.2 

A_!Lx (Ja^. ^3 a JjLbaf ^Llui_j]I Ax. 1 Un.VI jjl 36.2 Aj.}Lu&]l ^3 Ijjj 
(j^jLaJ / j y (jl (jjoLuil 4 P =VI COS 0 lSjColI i_JjllLall jLii]l 

(j^aSlijj 4 COS 0 (j^asUlj £aj . jLiillj >H (j, U ‘ jll A-UUJjUll •‘Uuall (_£j32v 
4apparent power ajjaIUII Ar. i U\..N \ > yi tiL^ I2i .^Unjll Ar.i L-;,„vi 
Ac-iiUn.iV I Afuu Ajl ^jlc power factor pf Ac l kLuVI JaIc 1 

iajjaIUI! Ac-lkLoiVI J\ jll 

pf = = cos 0 (43.2) 

A_iljj3 Ajjl j jl 4/ jliillj V (_£j_jja (jJJ l _ ? A 0 

+90" j 4 4-jjj^all ^gjJajjrvlSI JasJI aJLs. ^ —90° (jjj l^ixua .F l (Ja^JI 

.JjVI AllaJI ^3 ^jLiill (_3fuiJ ,1g •y'l (jl i_g\ .( S^x^aJI (g^xjaill (J^^ll AjLi. (J 3 

4jjVI ASlaJI (^3 j^ja AjU Ac.I Un.VI (JaIc i_L_ajj .AjjLill ^ Ajc 

(jxi .^il Ac-1 Un.iVI (_fatc- A-aj3 j a£3 (jjjJLaJI Li]£i ^3j . Ajjliill ^3 (_jjjaa AjLj 

Ac-1 Un.iVI (JaIc (_ 5 jLoLj 4 0 — +90° Lo3jc 4(jil3jUi<'ll (jjjjlcJI .3i.l_j]l 

(_g jl > ujA 4i 8 jj.nl! ^^ajIsaII (_faaJI aJLs. ^3 (41 4$ = 0 jj£j La3jc Lai . jL-nll 

Ljajl .laJj]! (_£j Luli (jl jfLaJ Ac. I iaJjaiVI (JaIc (jl U*nV .-1^.Ij]I Ac I U“n.tVI (JaIc 
SjIjII 4l*jb) ouU AiU ^3 V jfill jl A jl ..il.. ni l RLC _II o jl.} jj£j La3jc 

. (A3jj-s» AajIsa oj!.} (jjifi aJLs. ^3 jjfL j^Iill 
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AAxAaJjAaj JLaAxI Aac' u.n" j Aa^Ia]' (JLaa.V' ^1~)» a jl l^iaj j 

I2& j . -lsJ_j]l jp» 1 jja£ J * **^1 (jl pf Ac' j-TnuVI (J-alaJ jjfLaJ t ( clAfi jA-a^ 

Aijlia]l 4^lui J (jAa. tS^ 2 JAC- 4-lSljC ^^Ic (j jlVij 

Aa*j AlAjj (J'j'^SI ^)Lnll (J* V' Ac-' WnnVI (JaLiJ 4 .^q-s'i.a'1 AaAsII j)Jj itjjlii Vljt9 


Juljll jLnll I2& (jAjjJj . CajIj (jJJjoAa AAC lAl^J^y -a" Acl ll''..'l ^lc ilaaJl 

^ic ‘Al^a-all ojlj^. AavjA ojlj j ^aj (jxj 4 / R Ajjl j^2l JjSliaSI o-Ajj tS^) 
^ic. 4 <t& a £jJajA cAcUstluiV' (J-alc ^-J^v i.^>] jU ‘121 .ojAa£ a-lLlj ‘(JIaaII Jaalu 

AjA^ja j)A Ajjj t('j\.aC AAC^}9j jAila a jlA ,jjj£l!) ^ * Pij^aAlil (JasJI £a ^•jSaII 

AcLLlLoiVI (_5jIjojJ (jl i_ ',~sj jIaIULo .(17.2 (JfLuJI jiajl^ ^.>ij^)S»a1I Ja^JI i_]a*jaJ 

j)A i._ iU-i~' a 5" ^jjjjj Aal jj CaI£^)juij iAj^)ALlall Ac' WnuVI ^ In.ajll 
‘0.9 jjIaua Ac'lalml (JaIc Aac I^jV' (Ji2uj jl sjAA^ll Aac' h.o'1 Cj1^j22I 


. AIUaa jjAAajj V (jJ-21 ^jic AjILo CjU jac (jAajajj 


9.2 Jlidl 

O- 

4fl 

j5£2 

-o 

(_SjLuu AliJ jjS jl iZ l =4 + j 5 Aj*JL«a (jAAajjaj Jas. :17.2 JLu4I 

( j]S' C 4 a : *< a jj A^jaaSa jLaj ji ja AcUalul JaUj ‘ ° • -* j P =4/41-/5/41 

.Aka P jAaJ) 


rms 

60 Hz 


'© 



120 (_£jLoL i Jliill £_i1g J) Z L =4 + j 5 AlixjLi-Q (S^- J 

I^A 60 jLolIj cJa]^3 

<c.l lailuil (J-olC' (J-OXJ Ajli 6^ AjuL^II ^ ljVl.ll 

A i\^\A ^C-UaluaVI lW-^ *0.6247 

•0.9 (_£g u<oj\ Ax-UaJjaaVI cJ- 0 ^ C ^-a}3 C > Um^I 
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.0.9 AILojSj ilaluj-a Ac»UaJjujVI (Jar 'n' C *C<u3 c_Jjoi^.I ^L_J 

.j±j* jAj tpf = cos (tan -1 5/4) = 0.6247 ^lkLa>VI (') 

1 ^ x^a \a) ^^Jajoi jll 4 x.UoJj.jjVI ^jLulJj 

V 2 1 ?0 2 

P=-^=I 2 R = , -4 = 1405 W 

/? 4 2 + 5 2 


4 IjX^aj <9 j£-o ^/ajj 4 x.UqTu.jjV I J-alx ^-1^-x-oJ 

4_J^jiill (JLa*iLoj! (j-^ (^j • Z L j 

il 7 ^ £-<* c_fl^joi tLic-^aj 

y' =-! r =y L + ;®c=-J-+ji 20 *-c 

= 4/41-7 5/41 + 7 120;rC 

^ u^ijl 4c.Ua!luiVI ijxlft g>-+i jl oiiAaJI (Jo*s\l 4 j 1^^Ic. jlj£ I 3li 
-1g •N \l jjj 0-la.laJI ^jjlall 4 jjI j (_£jLuU jl ^_=k j 4 0.9 ++3 gjj^aJ j I 
—j . ig>" jc. ji.il) jLull jV 42Lui 4jjlj o+^j t cos 1 0.9 = 25.84 jliillj 
jl +j+jj ‘ tan(— 25.84°) = —0.4843 <_$ jLuc 4 jjI 31I ®4& <Jla jli 151 .25.84° 

aJj^aJI (J^*s.\I 4_i1jj 3 j^i ^Svi'sH f. jaJI ^^11 llllll e-jaJI 4_ui Liajl (_5jLaiJ 

: J -Yl 

-5/41 + 120^-C 


-0.4843: 


4/41 


. 3jli jjSLa 198 (_5 jLujj jjl >■ . ’>j <ajfLall +*jaj (jl ^51 3 + j 


. cos(tan 1 5/4) = 0.6247 (_£jLoiJj (j. u , n^ 4c.I Ii'h . V I (J*lfr 41LaJI o4A ^ (c_j^ 
4_)jljll jl V] . 4ajLall y L (_>uaj ^ l*i»j Z L £-a lac-jij 4 q*5<ill ^. + a a 
4 tan(25.84 j = 0.4843 143j 44^=31 (j^u jllll jV 4*a.j* jVI 25.84° 
^qjj-sH f-jcJI Jl ^^liilll s-3+11 4jxuj (_5jLoij jl llajl 4-ajsll o4Aj 

*^L <~S* 
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41 + 120 nC 
4/41 

ji 

.jljli 448.8 jjl j_jfil) jl l+9jfLa]l 4*j-u jl ^cjjj l^jxsj 

(Jif\' jI t.i^ljll jjLuy 4c-'1-TnuVI (Jxlc (_]»■%' 'W*\>^i _jl : a I^i"vN ^ 

:+=jUll C 4Jjl*-a dulfLlj t tan0 =0 jl£l tj^UL jjasljLo ^)Lii]lj ~ig>'l 

__ -5/41 + 120;rC 
“ 4/41 

(jl ClliLiUI j-aj . .iljls jjSwa 324 (jjl-uU C _1 ++4 ^ li»'l +]jsljua o2a j 

(J-alc TTJ^.•■Z L J-aJI <cl Wnul (Jxilc ^j-s > s\\ Alljlj .llljjJ C jl jjj 

j^fLa 198 'g~'» m +aiifLs i t ili-Vij l^jij-a 0.9 ^,u«njl 0.625 jj4+ j^^a +clIvnal 
+Lt2>. i—iUajjj tjljls j^fLa 324 I g"i» >>i a V'i4 a .ia.l_j3l IjjLou! a 1» ^ c—iILlLj tjljli 

. jljls jjSLa 448.8 I g~i» >>i a 4+ ^ 1 Vi..i^ 0.9 bjLa^a 


0.4843 = 


-5/ 


(Ja^JI )JJ»* 1 (jal JJ 1 ^ u^ij\ A^UaluiVI (J^^ ^<n*Vi (jl IjJail Ja^V 

Aq : ^x> A-ilj L_fiLjaj (^ill ^ (J-o^JI (jl ^ uj I^J • Ijaji LlojULo ^.Lwa.j.1 

. tilli (JI!ia1I j 4 J n’lJra 6^)1^ (Jj.^’n LiC'^jsj 


10.2 JHaJI 

• 15.2 (J^jaill (jll^ll Z L =20 + j 10 AcAJraHdVI (J-clc- L_bat^.l 

Ajc-UaixuVl (2-°!^ 2* >1 2*^21 *». ^21 4*^21 *2ua 

,^^|^]| ^^LaiJ 

(jjj jjUI AjjI j t pf = COS# 2-^JI ^c.UaTuJ 22c- iSj^l 

(_^i t z ^ =i? L + yx L 2-^Ji ajuLa-g ^jij jl) 2^21 2*^1 JL“ 

:(e = tan ~'XJR L 

X 10 

pf = cos<9 = cos tan 1 —-= cos tan 1 — = cos 26.6° =0.89 

R l 20 
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(j jLajjj tJalj 163.5 Ja^JI <6.2 Jlii-all La! Uisj 

. jjia! 4.04 c_jjIHaII jLoll 

£a LjC-^jSj 4 qfi^A £jJa1 ^ u«oj\ Ag»\ J*a**UjjVI (JaLc- (jVI ^j£aj 

^1-iauJ t,4\g*U*n (jl Ja^JI jl Jaa.Y ,4_ic.^aj 4_iilila S J J 

6jl^ c J.W a\\ ^jI£a!I <9j£a 1I £jJa^ .AiUa V 4-9 j£a]I jV 4_i2Lja] 

<C.LlalujYI (JaI^ ls^J .13.2 (J^>m\1 ^9 A *uia\I chilli <£jLoa 4_ic.^9j Auiiila 

.* 

jLoij 4i!ifLail A<u3 5 (JULall ^3 t'lun ^ill (jjiiall “ULa. la«J .1 

.(JasJI (jiaJJivJj <-ajlLa LaA (jVI L J R (jj l “n^ tC = L j(R ~ + COq Z3 ) 

4ijfLoil 4 j3j LSy^ l-llmTi. V UiU t-liim JJC. -IJSjjll (jl Jj l^>iajj 

J. ^v* 0 -jC ^ ji> t_j 121 .X c = \/a> C 

Xc = *h*L = »°-^L =50S1 

X L 10 

(JaIc. (Ja Vi (Ja^'I £a LiC-^)ij ^ajl 50 (_£ jIajJ A^jSa 6 (J^j 

.4 ?^a" 4juoi L_}Lai^. (_j£a! <—lilj ..1^.1 ^11 ^jLuJ ^C-UaL^Vl 

• Ja^j ^ haII (jV! ^)Ia 1I ^)Lnll Sj^p ^ Ix^ajJ 


/ = 


100 / 


1 + 7 3 +((20 + 7 10) || (-750)) 


= 3.82 A 


(Jfll (jVI Ja^ .llSl^A ^.1x-aj lilj , CT C '^^ ^ l» J || ^a_^)]I 

/ N 2 

3.82 




•1 = 7.3 W 


^Jj-al Ja^JI (jl cillj ^Jj C—flLjaJ .Jalj 8.2 UbLoi dijl£ l^_j! ^9 

I A^IJoJjuiYI ^ja I^jJa wa ill «1 xj ^\gn „j 

p l ^r 

L 2 eq 2 R l 2 20 


4 f 2 )l g'n«lS> ^ n^ijl .I 1 .I 3 J! A&k g~nul (j^ulaj (j!Lo! tl£^a-o (jlS Ijli 
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+ Jill! JaA>) A-a^IalA]! JjJ^)a jA j-^^j La I^Aj 6-Jal^ 163*5 (_£ jLoia5I (jjLuJI 

.(lU^I 


4juLa»aJi A&3|j-aj CiV a]| 6.2 

Transformers and Impedance Matching 

jl tt-jjluJt ^LkiJ JSil transformers CjVj^aII Ja*1ojj 
CjI JjxJj j\ ^^lc«l ^J3 A_jjLi1a5I CjIjIjjJI jl >51 ^)-i : )*li5 

CjI CliVj)^ a 51 j . ^^)aJjaa]I ^Lill! Iaj3) AjjUal! (_jc. 

.% 100 51 L_^jUjj cijlij ^^LIa L^j^aI JLa-uj ^3 60) 

S > 

Lij-lll L&Jj.la. (Jj)*\a51 CjIAIa jc« a 51 JjtaJI (j-alajj 

(jAjja a uah^^aII J JLA\ ferromagnetic AiL ja ls y JLajLLoL 

£a jl^jj ^lill) &l_^51j ^ «5 a 11 -li^liA C* a\ 1 ^^3 Jaxa^ll 

t^^jA^alll oAiaJl CjV j^a\I Jj^UlU jWn La I^Aj) LjaJ Aj jx *.^al ^Jjl5l 
(j jLaUJ A_ic. ^)Jaj (_£^5I ^LaJI Jj^^aII C‘ n«s jA AjjI tu xtil diV j^-a AajojH dul£ 

XlC* Ja*J! .W out — Wjn 5 _jj^3j AX-UalJ J AjpUa^uJ 

jA «ljjj I 1 a j t(_£^ill ^-LHa i5Wn 4i£5 tfiljj]| ^j3laA A_jJa£aaA5l Cj|j^ji5l 

L$15La! jAj c 1 „iiaa ^LaI^ jj^l W-j3 j^fLa ^i5l cijVLaJ! ^3j . jj)^ a 5I j_)jj 
^)iaj|) (JaJ^)A 800 j 400 jAJ JI>a]I 6 6^)jLia AJLa. 

. j^-a ^jax^i*ii ^)-aLaJ! 12.2 JLIaII 

tAjjj-ual! djtjJjoll JLa»A ^3 LjaJ £joj!j jlJaj JaxJjujJj 

cJ^I^aII ^jJJ La-i3j ^ ^La-all j J^IAaII i^j djlinki ^ ^jj 

JaxI! ^ja V«^J (j^ t5JiL]a5l CjV j^-a ^jAx^Vil AjLaa 1 £ ajax^ij .AjuLaaII A^sl ^aj 
^)A fijlc. .VWl dl!»l^)j5l ^JA A jJaJ^C- Aa^2^J CjV J^a\1 ©2a (_Ja 3U C-lia.J ^JC> 

La Li5L6 C!jL/ j^.a 5I jl ^JJ l^)iajj ccillj ^a ^5^ 20 20 

CjIjI^I ^jaxAi ^3 U)h IAia (j-tfajj tlA^iat j^*i jJ^ ^IajaC. ^^^51 
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^ujLlaII CIjV A djl_jl^ll (Jj-aj 4-jJalxIluiV 1 

. JULall JjJjui C5^ C5^ *(J-^ laAj^. 


^j-cj iA-ilUtl! CjljJjoll CIjV j>*^^ ^A 4 -u^l^adlLoll CIjV j^vaall k. <dj 

^j-o £juj! j (JL^-g djV d^A (_J-ojU (jl C < ^ jJadll (Jj)^*all l* 3 lLd 

1 g Kd ^lc« Jalitedl £-a ClAjJaiil! (j-a djl^Ua3 jl Aju_j-o ClA^^aa (JSjj <jl j 

dAjj^j2£iyi 6jLi! I^iIllg! (j-oj . (j^-d Lo ^U-oVl 

»1xj .J^Jj c^jd^)A ^ii£ 15.75 (_^jLaiJ jUM ^ flyback 

jaLaj-aJ ^jLUl .*lg •nII jA j jl Jal_j 3 _jil£ 10 ) Llilc. ^ J^Ujki \.\£ ~s ^»j_jSj 1 I 

.cathode ray tube V^^-L 1 <*JiV' 

Jja-aIIj 4JLu«ll 4_dajljj 1.6.2 

Flux linkages and the ideal transformer 

oljj ^^Jc. (jJ 9 jflLa t_kLaj l_iLa ^ya Jjg » ^11 (Jj^, .all t_alLy 

^jIJlIjVI <_kLall Ja^aj Ijl 418.2 (J^L'ii'l ^9 (jJ^a Lai lajjj • “ic-jLLua 4j.ll.la. 

tf > 

<- qjj» x^a ^jLjj ^}-a j!iLa tfjjtttl <- ciljjj cV s = \7 COS COt 

^-7^ CS^j c£4jH ^ 4 Ja^OVi^ <q a1Li*jj j k. \\a\\ ^^9 

(_^jLa u ^Faraday ^bljli jjjli ^Ic- *Ujj .^jjljjl l qUII 

>, = -»,^ (44.2) 

at 

A jAdilii* a\\ ^ULiuJI ^a y/ j ^j|d jV! L. qLalt dllil ^A A/” j 

IJA ^^-ajoij k. q\x>\\ A-Sajoil^J (J 


^ (JLwtluj^iU Laj!>Lc 4\»7>J La IIAj cAJaiidl <1!J|jj A^-a^jUa^all JuJldl 

jjjuj ^j]| Ajx*uJaii-a]l >>n\l O^JJJ e 5 ^J 60 ^ A*nJVi«.<a\) (JiaJI I^jS jaija cllVj^dl 

<11 jj j a /n \ 1 a n . a t~~, jC^aSI ^ac- <jjj^)a]l AjAj^aJI jl jaII Lol (^g-ic-l l 1 iV'^*-aj l^a 3 ^^-udaiaLAll (Jldl 

.ojjj_dl j 4 ." \ j l ^>\l (Jj-y, ml j aJa^Liil j JojUlaI] <aj^Lo Ig.la..*^-) Lo I^A j <Ja ix.aII 
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Ag-sJl 4 jo£1*-o] j c4jjoi£*JI a j£ll ajlc. y\\ 

L \\x> 4-ojULo^ c_kLoll 1*1^. ^)Ljj IaV j 

% f- * 

•(j 4^' • : - 1 ^ u' C> ' J*-^>' 



\jf <Luu.Jaj *4 5JUo 4 lg_i3 jajj >4 ^jjLuaj&ll 1 ^«Ua,. 4jjj.la, sljj _$i :18-2 

^jLuuj 4 A^, 1 *1*11 ulii J 2 i- ^jLou . j alt l _ r ila Jajjj 

.A^j i-iiai! cjliJ jjp 


LaLaj all j tLiiaj 'ijaillall all aJI.i. nil (jl ^Jl l^iajj 

1_SJJJ Igjli i_aiajl cjlal (j.cu>i L—ajI ^>alj tAjjJjslI 

:_j jjjlil liaj Lmj <js l.ig 


V 2 ^2 ' 


(45.2) 


:(_5 jLujJ (J^,2 l]l Jl ,1g ^ AjUaj (j! <]jg nn (jVI (_5jj (j! 1 Vl^aJ 


y 1 = iv A 

y, N, 


(46.2) 


i44.2 AJaUualt t _gic. 45.2 4jjl*-a]l Aauifl (_ja 4_ajl_lSI t46.2 ASjla-all ls3 j 

l_aL&]| Cjlil J21C. sli ^! 1 —sLaJI ^24. Jl (_5jjtjll l_ila]l .Ag^s. 4_uaj <_£jLij 

LS lc. (_3f3alj l$j\i l^i! Jl Ijiijj (^l-iLVI <—kLoll cijli] j-ic. < _ s 21 

^Jjia ^jjljll <—slall (jl JJ I^jj -V nns ts^j v LW- 1 ^' 
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Ac.1 LlLoiI (41 (Jill V JliLYI <—sLol! jlii (jj (4l .A3 Ac-Ualuil (J I 3iiii V iojlil! 
LLliiia Ijlii jl LM .Aa.j3 90 1 Jlii/JI l—kLall .l^a. jc. IjiAiLa jjfL lilj 


^^3^ oljill ^^3 Aj>ujlVl».all AlLlmll jiaJjail (Jjjjxi> jlii (_ S -<U-UJ iljiktLa 

4 \J><A AaLaail! CllV -all ^^3 oiiSlLa jV Alaii-all jlii (JLaAl ! Tl^-aj CljJLsJ! .a 
. |>AiLa AiiLLall (Jj*v .nil J» La Ill4> j t^Aiallj jloJ A » . .A J 

i-lUnl-i'iH Jj . COS <9 = 0 ' jL.^1! cs jllill'J' <—iLail AcUaiJ Jalc. (JjLuiJ lil 
l—iLal! jj£L t ,1g -si! Aa3 £3j Jj ^Lbii jll Alllc. AjtiLa-aJ Jj-> .all l^_3 Ja*J jll 

. J)Lal! ^3j-ajll j& ojl.ll! ^ jiLall (Jjjliill 


Jaa. Jl £jia j^ Ac.UaiioiL/1 Ju jJ 2 >- J*^* 1 *’' (_$ J^l AoLaC. Alla. AxU j 
jliill jjaiLa 118.2 iJfLil! J (jjjliil! i lUll Jl.iu jV! J*j .Jj-“ jje. 
uJ'J JLlila.! jJI illi (J3jjj t^ilall j-a ^Jlii Ac.1 laJjail R ^ “LajlLal! j^iiajj 
jVI (jiajos-) jjjljl! t—kLall J jLall /j jLulli . Jlii/i/l l 'ql.«H 0jl3 J ~lg -sll 
(JlLia tjJiij'J! i—aLall J 3jia. i^oa. jiaJjsii J! (J3j!i oljill J 03J32. aIIju 
J) Ijloij .V s = V, (JivJ jl£ c^Ll! JliLL/l l iLal lj (*-flal! (_£3£0». jjj jj!jjll 
3 j3o>. jlii jjSii Jl JliLVI i—kLall J j jl jjll (Jli. (J3jj ‘LLij ( *jLall i£=». olL 

illil LuiSAjuaj t Jl Lie'Ll Lljlm-aj lili?^ 1 ~s (jiajiaj LlAj l^jlillVl 1 _iLal! ^3 

^liliL/! ^—iLal! jlii jc. ^-sTij .^jliliL/1 t. lU" Jl jj! jil! iuu jc. ^lil! 

^J^oial! i^. A-a jjJallj (jiL lilj 4 (JasJI J] jaiai I~ R L Ax-Uaiioi! /j ilij! 

i(jji^.! cIiIaKj .(jl^. 1 jl! jVI Ac.1 LTuuVI (J«lc. (jjLiU t JliLV! < kLoJll oj!j J) 


JAaj hJHaII ^-laxujU AjxjjjjII ^Laiall 

jl ^ic. jj-alj j^^il j^l^ljli jjjl^ i.v> jaj Jjg-2k.ll <]l*ill <AialL V s —Vp COS 0 

jg_x]l (Jjj^j V 1^1 .IAjjju jll ^ \^.y SjjiHAll 4 junlVi* oil <ll_iiaill 

iAjjLiLa ^j^.1j SjAiui-o j-o ^IJjjVI ‘—klall -\gA t-_kllj lij ijlliLall (Jjfui ^Ic- . j) j^-a11 A ]->>nl jj jaLolaII 

dul£ lij 4 .i^alik i (Ja-lII jfr SjaIuiaII <j£ja 11 jja-all ^Iju] 1 ^ .j^jilall iLall Ja£d AjjUjaII jaj 

jc Aijm ©jl^ll j jc j jj^aII IgjJjJ ^1 j^.VI <jUaJl i—fliUaj j-oj . A..4‘)Ua j jA ^aIa <ajJaj 4ojij£ 
t(JH aII (Jjfui tJalj3 440 Og^-11 djli <aIx 1I 4_ajlj^)g^]l ^Sjnill ^A JjaIiaII JU-^jVI ~■''* \l 4 jljl iiuV 1 

.^jjAll jl-A»j>.>i^U ^j^CI l-J jUja ialjS 120 .lg->.ll (jJajiij 
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V/ I j = Wj l l<a\t (3 -0 Ac»UaLlmVl ^ jLajj 

^‘V L =1/, j.v,=v, Jjt'\j^j.v L i 2 =i 2 2 R L =w, 
V,I,=V 2 1 2 (47.2) 

CIjV 4_1L^. ^ x^a ilVj =V^/ 2 CdJlA <c.l JalbaiVI ^jj 

i"Af IaiLq Lijjij l^j<.**^ Ljajl d^iLc ^Aj . Aisli-oi! A^ j -Axil AJI!1 a1I 

* ~ . * * 

(jVI j . l^-xu-<u-aj lij %100 J] 4 _i1a*JI 

18 . 

j 46 • 2 ^jjlil^l*-A]l JU*1 Jj cdljj 4 ^jLiii! A-iuij ^ic. cJ**>\1 cl)- 0 

:47.2 

[a = ^± 

/, iV 2 

Clilal JJc. -A_Uooj alLlj (_£ljj • >" (Jjj^-il (jjiSbua (JjjikJ lj& j 

(jL-saaj Jjj 4(Ji»-lll -l^-i. .l£2b. 4_bolj Ojljj ^l.lij'JI lUjUl J.1C. 

.(Jiv-lll jlij Jl ^jiJI jlij 4jjoi3 

(jjj iaJ JJ Ijiliall ^JiC. (Jj)*^ -a jA ^^JliLall (Jj*s all jl 4j-al}LiJI j 

<lLuJI ^)Lx-a^jV Aaj*li 11a tLJliLc Uoj^ ^jjlill j ^iALJI 

Clil-i \l CjV a!^j-ajJa Lil^ 4 jj.j.n.lVi*-oil 
.l^-<U-<u^aJ ^jjat^.1 lil 4_i]liL<J! CjV ^j-a u' 

11.2 jim 

J£jJa]| jiajl) 10 kVA j 3600/120 V *—j l Vl^ ^a 

lN 2 /N { Clalill! A^uij L-bujA.1 .4il 60 (j-a jjlill c. \\*W L_alljjj .^ 18.2 

(jl (j^ilill (J- 3 ^ fc (j^*-° *^JM <fuij (JJt^>^\l (jfLaJ ^ 

jlij 3 iJIb^LLftll (jplc.Lj .t—kLall djla] .^.ic. j / jLull £-a C < Util iTl ol^j ^ AJLujaII 

a ^ 

lil SjI^I ^ ,^>11 qjI jfu ^ S-lj-l^. AJLun jLnll I^A ^jJa^a._jj 4 <_£c. \\a\) 

(jjl jj (3'q^jj • (jc. A-a^,Ull aJUjjJiI c-lxIV <. *\a\\ ^ jIjj (3^.11} (j\ (. t 

• / J iV J = 1 2 2 (jt-oPjC' .^>1 1 
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•Ii j /[ (jJjLullJ ‘JjjVI dslil JJic-j tjLnll Jjjij Acuojj 
Aljlauall ^Jc. f.U jj ‘(Vj > Vt ) .1g Jl (_pa3li. (Jj*^-all I1}A jl ^Jj IJaj 

• AJ/1V, =y 2 /y, =120/3600 = 1/30 = 0.0333 : jjlj ‘46.2 
./ 2 = 307, OjSj lilj iI 2 /I l =N l /N 2 = 30 ‘48.2 aLU- 11 Uajj 

.oj-a 30 (J >6Vn . 1g >1 1 (jl (jj^ J ts^a 30 3 J jj jliill jj (_£1 

jl JLii Isaj iV 2 = 60 J Jlj ‘IV, = 30IV 2 J 

.y i / i =y 2 / 2 = 10000 J VJ .Ail 1800 g;jUi IV, 

./, = v 2 ljv i = 10000/3600 = 2.78 A g±u y, = 3600V jl£ U j 

./ 2 = / I (1V I /1V 2 ) = 2.78(30) = 83.33 Ag3L .48.2 *hl*-ll JU*iuLj 

12.2 Jlidl 

AjJ_jax 1I jLliJaslI Jaj JJ Aj.ll.ia. Sl_jj 13 V j*v -a 19.2 Jl^ll (_£jJ 

t( _£ jjllill J JI-iLVI jjiLall jjj A_llajljjll J-. ,a Aj.li.la. Sljj (_$3 Jja-a Jc. Aj^lill 

n*a (j-a Jail I^A J-ojLLoiJj AH^-Aaj ^j^oj 

Ac-UadjuaVI (_)£ (jlfi ^aJ.^ (j! 

jjj L-aLJ! 6jlj jSlij fl^uj L_kLJI 1 $^"Vqj 

CluIaC.1 Ijli . J^aJll (_5jjljll t.—sLall JxjjjJj iAjjUa ^liaJ ojlc JljilVI l—sLall 

ti? s = 10Q jalal l “LajlLa l!uI£j iZ l = 500 —j400Q —j <J*aJI A*jLja 
Jill ^ li m jll A& I laiu jM jl^La LaS i N -, =1000 J IV j =100 CjlilJ! J-lE. jlSlj 

W s =120e ;0 (J j /, =5f> M/4 (') jj£> J^lt Jl J^i 

: Jc- 48.2 Al-lUjill jjj Jxjxaj a |/j| =5 A (jl Jj I Jaj (^) 

|7 2 | = |/ i |^V 1 /A1 2 = 5(100/1000) = 0.5 A 

»^Lq.V^'I <c.\JaTujjVI ^jLojj 

.P L =|/ 2 | 2 /? l =(0.5) 2 500 = 125W 


147 



jV V% j! / t-il-uia. Vjl i. 1->J o^AiaII <c.' WnnVl 1 

:J P l =\i£r l 

P^vf/R^VMzf/R^VJzfR^fRL 

* * 

ClUill JJC. (_jA 4j»J tVj Vjl UiAl lV, L-lLmaJj 

^jLoljj ‘—aL<Jl ^jja (jjj ~ig->1 1 jA Vj ~ig->1 lj •V 2 =V l N 2 /N l 

/? s 4 jlliUJ V s el.lv | (_£ jLuU i"ll aKi .V s £jiall (Ja U_^v 

ojl.21 ^Ij Ajjjliill ojljJI Z^ JavJI 4jtjLaA (jjlitjt ^A Z^ AjoIaaII j . Z L 

:_J lajj 50.2 1^2 >»i~% ^^ajj ajjI-ILYI 


z; = Z L (N ! /N 2 f = (500 - j 400)(100/l000) 2 = 5 - j 4Q 


l—iLalt .l^v. (_5 jLulj 


l Ajiii. i 


^ =V S Z ’ /(i? s + z; ) = 120(5 - j 4)/(15 — j 4) 


'. (J*a^'l ^IJ Aa.vi^'l AcAJaUaVI jLajj 

^ = I' , 2 /z l | ! a l =|(v 1 jv 2 /^,)/z l | : a l 

1 


5- /4 

120 - J - — 10 - 

15-y 4 500-j 400 


500 


12 

15-/4 


500 = 


144 

-500 = 298.7 W 

241 


6^)1-ill ^3 CjLLal^ll £.l^aJ -1^ (_£-!] (_5^>^l AiL^)ja ^3 J 

^JllLall JAj^jlSlI Sjl-lll aSI^JjuiaII (jl AjjI-IjjVI 

'\Xi J t. 2^ C_jLal^ -IxJj 6 1^1 .AujI-IjjVI 6_jl -ill ^^3 All^LauJI till] (_£jLalJ 

\ _j (J^^kll ^^3 aH^LoiaII Ac^UaJjaaVI 6 AjjII 6^)1-ill ^3 (J^^kll AjuLg-g 

P L =\l l fR' L = 1120/(15 — j 4)| 2 5 = 298.7 W 


148 




.V jjjaj Z L Ja^. £jjj :19-2 JSAJI 


13.2 Jlidl 

, 1 g 11 Clllj “LalaJI A*S n'iillj (JaaijJ Aj-iill a-i^j ^—2 AIIajCIaY V j~\ -a ^ 1 .-o 

* J> 

^jliaij .^UaI 10 J Jal_j3 5 <_gi 4 (_)a1^)A 60 JJjilllj JaljS 120 

1 el_jjll ^2 ^ -ah* II A_H_ixn]l Ajllifi (_£jL aJj . lciTI” at jjll ^gjljAa^jaJI ^JaLalt “Ls-Loia 

iislil joc. (I) i_bata.l ji&il weber jjjj 1 ^gilli Xuij 1 ) tesla Xaj 

.ajjIjGjVI ajlAI ^gi JaI<JI jIjj (i_j)j hJj^aII jgsLa 

4 1 ^ 1^> .<\\ 1 ■%. \ I (jlS Ijl .AlUJIj ’Ig -sll (jjj ^^Vnnl (I) 

JU=la <aJ y/ p j 4 y/(t) = y/ p sin cot J\ .LiJ 4 m aJUJI Cjjl£ 

j^gS Vi^ll v ,g~\I' j_£ jIjaj i44.2 aJAjlaII lasj .4j»uj)Vi» aII aJUJI ej^p 

IAau^IxaII A-iJUjg ‘A a£j^a!I a jail j\ 4 4_sIaII 


v = -N y/ p co cos cot 

l—iLall ^glc. ^jItiaII ^ -nII LjjjSj LjjLaa ^ -sil liA (jj£j (j! i_±ajj 

% 

Ajlxall <Ajall >11 tilij (jc. a» .adll Jja. ^gi 

y nns =N2xf ( ¥p m = AAANf y/ p =A.AANf A B p (49.2) 


aljiU ^JaLall A_^.Laa (_g& A J t(y = CO/27C ) JJjAl f 

\ jAa _jA Vj 4 ^LuliILj a jA a aJI.j .all Ai liiSi ^_A B J 4£J^)a]I j!1a11j a^pLa 

^gS (JLaaJjoiVI AjuLa aJ-jIja21 b4a ^jj . aj4Lo \f/ dljl£ IjJ Jaljillj 

. dlV j~\ a\I 
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I aA_alll ^^3 ^k\l ^jLojJj 

V /N = 4.44 - 60 Hz ■ 10 -4 m 2 -1T=0.0267 

i— iLoll CiUL jjc. (jj^j l^iaj 
N { =V /(volts/tum) = 120/0.0267 = 4505 turns 
.Af 2 = 5/0.0267 = 187 turns UiLJI cAil jjc. ^jluuj 

. dllilll J-iC. (jL-akb (jjsljjj ^JaLall A -si >u<i ajLlj (jl 

<48.2 aJjIjca]! JLqjUjuAj 
/j =N 2 I 2 /N ] =187-10/4505 = 0.42 A 
<^iJ-d 0.42 Aj.La) !J_JJ -14C- jj 

.A-oj-la-o (Jj)^ a\\ CliLc-LliJa (jl j ^jl Jalj 50 (_£jLujJ A-C-^Jailujl 


Impedance transformation CjlaJLuJl Jjjaj 2.6.2 

ClAjuLa-all Cjljlnllj Jjg -sll ClaV^j! AiLjaj 

* * l 

\ _j 4_*jL<la]I ^<48.2 j 46.2 (JLajLLuAj . Lj^jI 

/ \2 

N * 


z L= y 1 /l 1 _v. / 2 _ 

z 


V 2 /I 2 


y 2 h 


2j 


(50.2) 


^Jc- At Ajjjllill (Jx>\l S^)l J ^3 aJj^.j-<2l o^nll AjuLo-g (jj 

•N JN 2 > 1 *jj ^'^Vl Sjhll Zj =Z 2 (N 1 /N 2 ) 2 S<*Jl« J£i 

V <(JJ 50.2 A_tal*-<2I ajjI*-g ^j-g j-^jj 

a_* jlLJla .Aj^jliillj ajjIjojVI dililll c*13j <jc. cJ^-^ 

A^jIJjjVI 6^)1-ill ^3 Ai^)j-a A-gjULg Aj^jUill a^l«l3l ^3 R 0 Ai^)x^\l 

^.Ixlj J] Lg -1^. JJ AI^ILgII A aJA Jjjuj • (_£ I < a\ »>ij ^jl 

j! a) (Jj)^ «o\i ^jj (j?\ ./^ _5 / j aJo-ujI^j a I jill ^3 ^jjli]ljjai]l 

a JAj .Ai^)j-sall A-ojIL< 2I ^Lo a J),)^ Vi A.4x^a 

^jjC. j (XJJ-o \l A£.Ua!Lai^l (JSj A^C-^)1! (j^ 1-1^ ftAii-o A_i*-aLk 

. Aj^LaaSI 
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14.2 jmi 


Aj\^JJ A-ajULo (j-o ^ a)\z* AcAJaluil ^ AdC.^) 

A-ojIILaj 6«ilc. ^iaL^-aII C Qx*Wi . o _)jic wa Ajl^l J A^ajULa ^)lg a ^JJ S^)jj£ 

<^1^)^j c^I^_^a 1! Jaj^)^A ^Ic. CIuIaJI c_aLa]| q)2 ^jl 16 jl 8 jl 4) 6^)J* x-^ 

(jj^-oLil <- *Q)q^ (j-J^ (jl ^JaiuJal! ^I^a! IjIa^j J^j^j^aII 

AjuIaa ClljlS 131^ .A_JLl]I Ajj^x-all djlj-^jdll l.li^. AjIajuxiV 1 ^ja 
aaxmj ^a La 3 t^aj! 5 (_^jIjojj ^_^a!I AajULa 4^ajl 5000 ij? jLojj ^*vjJ^a,'I 

. J^_^a]I ^Jj ^a!o*JI A^UaLoaVI C-J^ Ajj^j^ail dj!-iJ^)j]! J^^a dilil 

o^jujLi^ jl^J! Jx-aj ^jc. <A^.lj]l ^sljjl! ^a^c. aJU. ( 20.2 JiuJI 

^Jj A_^IHa]I A^Ua!lu:VI ^\x x^a S-3^ (J^H3 c —fi^A . ^x>sa'I £a 

iiHj ^Jj A^UaLoaVI A_iuij L-jLoi^j cilli ^LjajJ ^j^aJj . ^j\ g y*\\ 

j ^ Ija .P 5n /P 50()on =/ 2 5// 2 5000 = 0.001 ^a S^xJI 

. Ijl2v. A \n. >i j'i g ~n .oil Jj-aaj Ac. I WnnVI 



JjAu ^jt) jj ?.!£■ <| Jjj ji X-a »j*il±a jl $ ■> a'I J^$] U^ (7 ; 20-2 JLuJI 

(jlxuaAil^ 4jJj.la, al^jj _$J JjmLLuu afai'l AcUalmVI Jij Jjj&aj 4_uu (i_j) . ulxjLuIi 


. LjUJL ui JI (JSl jj (Jjiiji * AjJ ij^ad) 
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jILq (jl Ac-UaLoaVI 3^ (jl 6.1 ^-laLall 3° C_fl^U 

CjI 3 3 ^ 3 II I^a 33 ^ ‘y- u " ^j3i-3 AjjLai-a 3^^" 

.l_ 3 — 20.2 ^jjj-3! 3aJ ^3$ 3 ^ Aj-ii,^. &I 3 

<11^. 3jqVl\ dilalll Ajjaij C-jLol^. 1 Vl^Al 6 50.2 4j^lx-3l JLasLLojIjj 


:3al jiSI 


Z L _ 5000 
Z 2 “ 5 


= 1000 = 


30 

v^V 2 y 


2 


(_5jLoij (_^3I jj^3I 31^j 43 }) *^V\ = 33Af 2 <3 3A? a^A 3° 

3^1 3^3^ 3 jjliill L dilil nc. 3 * o^a 33 4iL* djlil j^c. 


n<31 4 juL<x-q j-ijjj 4^»jl 5000 IgjlSj n3\ 3^.^.SI 4jtjLa-a lg-ia j«iia 

.^ajl 5 (_^jLajj LgJlSj 3^33 


Summary 7.2 

dll jl .ill (Jjladl A_jj dll jl .ill dllj.ll (Ja^aall IllA ^2 LldajC- 

dlljiiUll ^Ic. jA dlllijjj^lVI jjc- cA-lldll ^ 4_ill lijdl Lai laijj .Ajjjjj^lvi 
A l-i x Vi j.^il \c. (jJJj Ig 'i J J Laj3 j ;C j L J R “LiLLill j>.-il lull (jjj Laj3 Aj-lliLall 

:lAjJC.j diLlLutll diLodda^sj dll j jdujil jlill (JdaS 

Ajjjja iAj-lSxll jJ-llLall (JUd. (j-a cAjjjlall “Ltd'll ijddi 111 j3j -lal • 

jlliil dll jl.1 (JLLd “U jg aa£ 4-lp.jll .Ujpll <lLik ^ tdlljldl Jjldil A \g >>i 

Z — R + jX AAiLadl JjUS 3 * ^*^ c ' ^)j3jLa 3 '- A *-^ u ilja . ^)-qjjui 3I 
■A^-aJlJ JjqJI CjIA^JjJ ^3c. 3j^\t LixJaiLui! lY —G + jB AJ^jkllj 

.Lma. LxjIj 3 a ^)^ i<a " UJ& 6^131 3° (j^ -0 (_£• C5^ 4jJa_jVt*a\l 

jl j^ 3 Ajjjjill djL2kj>jj^3l AjL^IIuj! c_Lix-ajj • 

s3jc.j .3 i33I ^jjj (^ c —R/L J co c =1 /RC ) <c.UalajVI ^ 

LS ^- L$J^ ^ dll jldl ^ 4 0J {) = l /\]LC (jdiall j^ 3 j c 3 331 
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(jjaila jliiSI j .1g -\\) (jj^J jglill yUvJI 4jlj lC 4jUujj L 

1 g'ljljjiij ajl LI MjtjLa^a (jj£j tjjjiUl --j jj .lic-j . 

Cliljlj ^ Q — 5 (jl ijllJ ‘2 'iJljaJI (J-alfr i—S jC-j • (j nqjS-s 

.■‘LlLaxll tllljJjjll 

iQ = co 0 L/R s =1 /co 0 R s C c) *—tAjL m L i lil jaiLlI sjta aJU. <gij • 

j^gic. (jj.'ig -\ll (jtj tS^ILI ^gi AjLaiLaull “LojlLall j_gA /? (jl (_pal^)jalj 
(_j£^aJ La^jl j i j jJLLj j (JLlaLLj ^jLjjl.uil-a AijfLailj t_klLI ^gS^jla 

•V L =V C = gV s »y s iV t ^ 6- LjfL J 

iQ = Ct) 0 R p C =R p /(O 0 L u' <— 1 fil 4 Ajc. jaall (jaiUI Sjb <JU. ^ij • 

^jLj jl J tAqi^ll J c. *LojULa Rp jl ^jial jislj 

j! j£-aJj jLaiSLtHaj (JlJa.A.ilj jljjLailxi A 'A'&aW j L_kLJI 

3 qr^ -^b-^c-QK^K d ‘£4^' c> ' 

.(jUlU) ^11 Ja»j (a_ig jiilt) 4 - iLiLuI I (jjikJI o jIj 

5 = (O-, — (O x 4-ajaJI i _yaj3U A j nihil CjIjIjlII AjJJjjII 4-uliajVI CliJ-lk-j • 

l h<Vi IjJjJ La^S 6 )-> J CQ\ Lai -B = OJq!Q “ULjtHj ^ h»J (_^ill 
. co x = co Q - (o q /2Q ji co 2 = (o Q + (Oq/TQ j ^IkLaV' 

s f J 

CjLjI^ jiia i (Jlc- ^dll j j^£j jl CjV j£-<aJ 4 jI dinl j • 

j V^/V^j —^ 2/^1 __i las j cjIajI-aaIIj ajjLiIaI! >11 j CjIjUjII 

C.U1 N 2 J N, •Z 2 /Z,=(iV 2 /^ l ) 2 J I 2 lh=NjN 2 

. Jja-Jl <_$jjlillj ^jldjVI jj^Lall 


Problems <_pdj» 

jL.hj jl v = 10cos(&>f —10°) -i^^-SI jLnll Igj ( 3 f“^ i_ 5 ^ 1 l Ajjljll .1 

:(jl£ 13] l^j Ajc. 
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i = 5 cos (cot -20 ) (I) 
i =5 cos (cot -5°) (m) 
i =-5 cos (cot -30°) (cj) 

Y—" jl+H ^22 jl cC’il-Njji y-'I (jc- jLi2l __>2.1jj (i) i 

VI .cos(x -20°) = cos(x +340°) jV I4s>j 350 _i 

180 (jC- Jail 111Jjj jjJ 2I (jfr •>''!' _jA 42c. i__ajljCLall (jl 

(_jij .JaljS (jJjJiAi. v (/) = V p COS(C0t + 0) ^ ,’.)•>I I • ^ ■ >1 1 (JUax (_£j2ij .2 

. 0 l_Luo 2 .22^9 (jaxJ^I 42i2 (_£jL 2 j (j^SLl t — 0 4,)-a21l 

1 3 - j 5 4 2 +./3:4^2*551 42^22 42121 4^221 jljtVl 42£ V' -3 

• -7 + J 9 

. 11.4exp(j 127.9°) 4 5.8exp(j 26.2°) 4 3.6exp(;56.5°) n-z/j^/ 

4v(0 = 5cosft)f :4 jjjL Ajtjilj 42121 4 ;q42l .1 jg — II (jc- __>jc. -4 
•v (0 = 120cos(&>f + 6*) 4v (t)=V p cos(a)t +6) 4V (0 = 5sin®? 

: 4.2121 2j 221 4*22 2 o\ 3a* 21 <2221 dil jLi2l ijj^^ll (_^j2ows ^3 1 '.5 
jA CjIjLuII JJjj (jl .10 — j 10 410 + j 10 4 j’10 

./ -COflK 

14.1cos(&tf-45°) 4l4.1cos(&>f+45°) 4 i(t) = -10sin<wr : 

(, j 10 :42121 4jj_jI 2I 4*2oV2 elJax21 <2i2il ciiljLull l_iu2 .6 

jjj2l 2cj f=lms 422-211 ^2 10-jl0 410 + 710 

. co = 377 rad/s 

:(jj212l (jj.^.Tk.ll J2s .7 

v 2 =lcos(cot +30°) j Vj = 5cos(&tf -20°) 

•v , +v 2 +±^2 j (jjjjjL (jjc-U2j 
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. 10cos(titf +9.4°) 


^ajl 10 Ia^jI-ILo A_ajULa (j-a Ajj^aII 4-iluiiuiil! 6^)1-ill AxjIaa ^I-ISa La .8 

5 (_£jLaiJ A L_aLoj 

Aa jULa <ja Aj^5La AjLuiLujj 6^jl-1 £a 4COS COt Ij jLaj (Jj-aj .9 

^-Lxjuj LjJjoi^. 1 . (_£_jlA ^-La 20 (_£jLulJ A L_kLaj ^ajl 10 Ia__jI-1Sa 

La-llc. bj)\ -ill ^lc» (jA^ll (_£jJjaa ^^9 -lg-A.il j (_£^jia3l »^-^l' 

.a^IjII ^ ^jL-ilj 377 c^jl^ll ^j&J! Aajb 
• v (t) = 50.1 cos(377r +37.6°) <50.1 exp(j 37.6°) :t-tlj?JI 

<- qIaj 1 k£^ U jl-ilo a«ajILq ^Ja Aj j^aII A_ic.^)£ill S^l-ill AxjIaa _jl*iiLa Ia .10 

?lkHz csjkaij -i-ijj -lie. lOOmH Aaaijaj 

L <^41a £a 1 jLuLtn <!jj-a ^a R A-ajlLo ^ja Ajj^aII 6^)1 Jill AjuLaa ^IklLc Ia . 1 1 
• CO fi^jl-lLo Ljl_) I-1-1_JJ (jJajjSl ?Lie^)iu C A9j£aj 

. Z = R+jcoLl(l-C0 2 LC) : vljaJ 

(J5 imII A \l J <cl' ajidi ^3 J -\ 11 <3l£L] 4jtuiVI in Its a .12 

J C = 50//F J L =1H J <w= 100rad/s J <j±ja\ .1-2.2 
ai* Ja .v = 200cos cot —j ^iul t .ig-a. (jlj t R =100Q 

?(_)23JjLa]l Cue- AjJXjoi a! A j > ajl.21 

(JJJ (j-a.3^ LS (_ 5 ^ V R (t ) ■'ig •>!' ^^1111^1 4jt_uj| JjW' (J xia . u . a l .13 

. co= lOOOrad/s Ji <_p=> >J&\ .21.2 jSLill ^k ^kJL 

•v R =196.1cos(1000f+11.3°) 


200 COSGM 



21.2 Jiifl 
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^)LjJ ^Uuuj AjL^)Jaj CjUI^JI (JjIaJ (J-a*Iiujl .14 

^3 A n^ll jjjiLJI dj|j SjhlJ tillij t(j-^3^ jIxauq ^3 A^iitjx^aj l \\a\\ 

.21.2 JLill 

^)Ljj \ 5.2 (jSjbull ^3 4_9 j£*<2Ij L \\a\\ ^jl3 j-o Jplj *15 

• I R =0.5 +j0.5 :^J«^ 

A_i]_jjsll j 'q~' ^jVb AjJjlIj “LajlLall j AjuLoaSI JJ-iil jljC. .16 

A£.jl_La2l j Aalsljllj A_2_jjsll ^ u«*vl .(s) (_}iU-a-Ua3lj Ax. jUa2lj A-llsljjlj 

jj£La 10 1 g"l» m A <75^ bbibi’l aJjjw^3_^o ^ajl 100 IAjI^Lo A-ojIIaI 
. AjjUill (jLjjl j 1000 <_s jLsj (_jjl j jjjj Aic. 4 Ji 

(jl (_yaljjsLj .A >>iq-s iia CllbjjJ I 6.2 JSbull (_£JJ -17 

(v 1 ) ‘ C = 0.5 //F i—ul£ bj 7? (I) 400 (jjbaj ^4aall 

. 600 jjll -lie- ~ig -21 i _ uu2 j 

.0.55 (^) . pJ t 795.8 (I) :<-4j?J/ 

Ajllxll Cjbj^jjll jj^aj ^_Ju^}2 ^ Ax I WnnVI i 5. -n 1 ^ UiaI .18 

.R =10kQ jC =1 /jF J qA j2b 1-7.2 JS-Sll ^2 <j22l 

^Jaill jjl (_paljjillj . Ajllc. tllbjjJ jjj-aj ^ui^a I 7.2 (JSuaJI (_£JJ .19 

ojtA Ja (l. J) .R= IQ l!uI£ bj c <■_ n«2 (1) t(jjjjA 400 iS jbaJ 
(J A t-.l W'i ..VI jl.}La La ( L —j»l _Ja2j ojb 

V 200 Hz Jjft 


. — 6.99dB (alj) 4^ jjL (jjfui i jb (v_i) tijli jjfLa 0.398 ( 1 ) :<-ilj*J) 

* 

A^^^. ^^3 A AjLoiLojj J J-axlLujj .20 

^la£ 870 c**in a 3-a^^ (JI.iSjajjI lili .^112^^3! 

Ajl joi La 3 20 duUill L 

?til!23 ojjilal! <9 j£-<2! 
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I Q-W 4_iXJ (JliStloil £-0 LlC-^aj (Ji-ajJ AjLoiLujJ 6^)1^ .21 

C1j^3jj !3j L. \\a\\ J-la. lit-Lo 52 (_£jLoij 

. ijli jfLiJ 10 lg*i* **> (ill 

. 0.94//H :*lj?JI 

^9 4 n kail tilli! A^_jLud-c 4_jlxaLoiJ ^j.i\ia S^Ic- (3.^^" ^ jLolI .22 

:ilja 1 1-2.2 JLill 

* '^ c ' ^-ajULallj L fllxll (j-o (JS ^9^)la ^ic. ^kll |ij 

<C=0.01//F j‘L= 0.1 mH j^=0.1Q :4JUI ^1 lU^I 

. Vjl CJjoi^Ij 

.Ja]j3 1 (j-o ^£1 IjjfLi <jl y c J y L —\ ^j£-aJ I— ll5 

•V R = IV J <y c = -yl000V j<V L = 7 1000 V :^/j*J/ 

IjLo . 10 ^ju^aiil /? <L<u3 ^xj 22 aILuiaII .23 

<jjlLa 

• 22 ^9 A j n i Jail Jig ^11 .Jj-a l,g.}laxj Ac-HaLAxuVl L_bui^! .24 

. 10cos 2 &>,/W :<-ilj*JI 

I^g-L La 13.2 (JlLuult ^gi 4 ‘{n-all 4_lC.^>aill (jjjjall ojlj (_£jLd .25 

.C =100pF J i L = ImH j *R =5Q 

Igiaja. (_p3jc-j 1 ^j 2 SjjaJI (J-alc.j ojl.21 jjjila i—iuia.! (\^ 

IgJLkjj i_i=Jj]| dl jjjjmII ^glb LaS t'La^aJI (jJa^C- <ic.Lja^ Idjl I2J ^i_J^ 

?ii!12 ^jjWil ojl.21 ^gk 

(Ja*j (_g21l Li-i-a 108 88 (j-e ^JJjjII JjUaill (J .TSJ Laj2 .26 

AjJJS^jjII (Ja-aljill jjjSj (j! i. I’NJ (Jj, Will 4£.I2! dl Its, a 4dud 

4(Ji.|jjll (■ j^lj .(jjijjA 0.20 dll iiUj 1 g'\n (jjll dl-SJjSlI (jjj 

4 It 1 * -a (jl (_pal . lilli (jx Jal 1 g >.ojC. 4_a^a. dl Its ^11 duj (jl L_La-l 
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li-lA 100 (_£jIjolJ ^ii£ 70 4-a^^. CllJJ 

. (JIjSjjujV 1 6^)1 J (JaIc« L_Jju1^.I 

.1429 :v/^ 

.* 

Ag-aJl Jlkjl c mm ^.ISajV (J-axiLu£} .27 

Aj UlJraSI 6^)1 Jill AjuIaa L_Lai^.l . ‘lira 11 Aic. 1 Ag J* 1 a)^ AjuLoaIIj 

.25 aILoiaI! b\ liar a\1 

4 uia\1 4_iC.^)£i3! ^)ljJa.ll Sjb CjIjJjjI! ^j^-n Jjc. V 0 /Vj i. uu-sl .28 
. j COL /[r (1 - orLC) + j cqL\ : .22.2 JUdl 


V-I0V 


r R R 

>c 

yj 

? c= 

— 

ls 


22.2 JiAfl 


:22.2 (JfLoJI 4 niolt 4_jc.jai]l (jjilall 'ijb ^ .29 

. &» 0 (jjilall JJJJ J^jl (I) 

(V c J V L ) V 0 (T jaJI J$J?- J ui?J ‘Ojila]' Jj& Vg/V j J^j' ('-j) 

. jjjlalt J J jj Jjc. V . ji*. j]l Jg -\1 b jLuus ^ u^ijl £J3 j jj 

• 22.2 4 ni«ll Ajc.jiu]| jjjjall Sjb .30 

•U^^' ^ / L J ^C-9 (') 

?// R ) 4juIaa j ^ i ia\1 ^)Ljj lit* (^h) 

■ I L =-jm„CV i >/ c = ;<m,CV,./ r = 0 (i):Jj^ 

• Z ; = OO J t /. =0 (jj) 

J 4 C = 100pF j <.R = 5 kQ j iV, =10Vj ^IjSab .31 

:22.2 Jiill L =10 \\H 

• CO 0 (jjjJall JJ JJ (—boJi.1 (t) 
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. &> = 2.83 10 7 rad/s ^ic. / R (i_j) 

A nj.a'1 ojl.2 *La^aJI Sj_jesJI (J-alej (jjiLall UiaI .32 

.23.2 Ji22! ^ 

_jli£ 1.59 4 1000 4 ( jju j )& Ixxo 1.59 : ujI^xJI 



23.2 Jiill 


CjJ^eJ iljfoll (j-a AjC-^aj (jjjla ojb (Joa.luij 5.2 JllLall ^ .33 

(jjilalt ejl.lj A t ^ ~s11 Q = COL/R ojljaJI .lLaJC.1 Q allU >ut 

A ni.a't (jjjlall ejb ^ eJje*JI lU^ »jbc- (jx li£)Uajl 

JLa*lall sjUl ji ciiijl >.Q —R /©L tl — 12.2 JSLill 

.13.2 JSill slL»JI anUl »jb ^ 0 l^L^J ^L/i? 

:23.2 ^ 4^1 SJjII ^ .34 

. .lie. 4jtjLa-a]l ^ Hii^l ( : | 

1 AjJui jUj ^oj La-lic. (jjjlall .lie. ejl.21 ^^ic- ,1g -sll i _ nusl 

.ojl.21 ^^3 jJA/il jjfLa 
.(jjiLlI ,1k. bjjfLJI jLjJ 4_ UutI (ilj) 

.jjxJ ^^JLa 1 (Cj) .JLJjS 10 .fj lixo 10 (I) '.(-lljaJI 

o^jIjc. (JLaaAmlj 15.2 J5i all ^^3 (Jsill Its ^^3 o3Aia11 4x 3. laJjmVI ^ has I .35 

.36.2 “Ujljuallj el !■>» .all 4x-l lalmVI 

(jl 5.2 (JliLall ^3 o.la.j 1 g <v 13*' 4jlislll 4 x 3 ]ajjqi5U (j£LaJ Ja -36 

ej-iLa tiilli l$j e-lall LaS t^aJU i_jl^aJI lijj ?4 j]Luj 
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360 \ g~~v^-a ojj2 (J£ (j-o iCjU.j-21) 

• 7.1 j 5.1 j t4.1 JlSjiSn I'i-ic-Laa 64 '.ujIjaJI 
^ nail y rms J (_paj!i3l &l—2.2 (JS22I ^ 4 mail AjLaiLu!i]l ojljJI ^ .37 
R = 20Q (jlj 4(JjijjA 60 22 jJ £_« Jalj9 120 (_5 jLuU 

• C = 2 /j¥ J L =2H J 

'all 1 g j)-UM _2 ^ U , 4 r.1 1—."' . ,.V I l . I. .'-vl ^|j 
-4r-1 Wn.,VI (Jxlc. Uu^l (l_l) 

• 4_=v_jall o-l^J y rms ^ Hu'S I .4ju^>a 4_a._ja I 24.2 t_)£>'iill (^) -38 

£AaJ 4 jLuoLujJ 4qi5a ^)JC. 4_=»._jall o 2& jj^>aJ (_^J? 4jl (jJaljliaU (i_l) 

(J5i*iill ^g2 4 n'all ‘4VX j4jj l^ixauj tjj^>all ,_^a e^ja’nnall 1 g”'i5^)a 




j-24.2 


(.“n-N; i_J — 24.2 (JSuall 4 mall 4_^.^a]l ^jjSj L$ J*- 4jl (jaaljjsL ( l ~ J ) 

• 4_ajLall 4^.^ai] 7^ ^ ' i. >i ~v I iJaS3 L_ia._ja]l ,1g -yll ( _ 5 4 jjj 

•ialja 8.49 (o) .12ja 12 (^) .Uja 16.97 (I) : */>aJ 



24.2 Ji4JI 



l_ja iajl 10 4ija-a 


4a*jLaa (I_kla £jJa_jJ .39 
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(Ja^II ^jIaLq La .Jnl^a 220 iS jLujj ^Jbcill a-lg-A ^aj3 l_J jLiIa Ji£-2k 

S-lil <ll*ill <Ajkll dul£ lij L_aLJ! £a LlC'^aj 4juJaj (j^AJ (_£A1I ^-ajLLaJI 

40 (_5jLojj 6^)1-ill ^a Aj ^^ajoiaII ^jLiill 

tJol^3 120 (_£jLojJ ^JUtall ^ 4 _aj3 ua (AJ^^a Jj-aj .40 

JaxJj ^ 1 ±aI 2 c£l^)^ a !1 <C.llrxuJ (_^jLuijj .^jjoJ^)A 60 (_ 5 jLooJ 

•0.8 (_£jLaJ A^lJaJjgjI JaLxj 

.AjaVa^kll <£>1 JagjujVIj Aj_jAUa]l ^Lc-lJalu^L/l L-bai^l |l| 
?<a1^^a]I jLaII jliill Sa*5 Ia 

• Zy /? (AI^^aII <AjLlA L_Lai^.l 

•0.11 H .5.76Q 416.67 A 4I6OOW 42000 VA u^ljfJ 
•Lc-UaJjai! (JaLlJ AjLLaJI 4_1 Laa1I ^ _J^SAa1I (AI^^aII JjXjuL ^ 4-AJ .41 

ci.u.1^ ajlj LjC'^J C <9j£a £jJa jj c^lli .1 tj} jLuij 

. C <aj 3 L-bat^.1 .13.2 A n iaII 

Jalj ^li£ 27 UjIaSa *Lc.l La‘u4 25.2 >mII ^^a iaII Z ^ (Ja.^. 11 dUg-jjAj .42 

2.3 Ja^I (_£jLoiJj .0.75 (_£jLa jJ *Lc.l WnJ (JaIc. Ale- 

L^-ILaxILoi! 1~SJ ^lll! ^ q^All Aju-jj La . 60 (_£jLjol1 AA^jJj -lal^S 

?0.93 AljJaiAll A Ajall AaL Ac-UaLoaVI cJ- 0 ^ 

.Aljli jjSa 6.6 it-tljiJI 



25.2 JlAD 


(jl ^jial_jjalj . LiLoiLojj ^jj]^x-a ja J_j L_aLoj /? <ajILoj (AI^^a (J.ua.,1 (J^aj .43 
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LaS 60 -Ajc- 0.866 liS^a-all lift 4r.l lVi.,,1 (Jxlc. 

440 JJjjll -lie. 2rJ U-n.iVI (J^alc. jIVLo 


I jLijj Ja]12 C^jL^y *_si-all bg •> ^^JaxJ V a ^^<."1 .44 

120 (_£jLuU e.'lg % ^ 1*1 x> ^-a <_sLall (Ja-a jj La.lic. jJJ-al 5 AjJluj 

^l-iijVI (jjaLall allUl -S.1C. JSJla. .(jjJjA 60 (_£ jLujJ sJUjjj iialji 

. 2cm" (_£_jLaij j^jLaa^jxll ^JaLall 4_a.Lui»a (jl j_pal jlislj 

.V_uU 0.5 jjlajj VI 1 _taj l^ja 4-luU aJL^JI jlj 

.451 .4505 :<-*lj*J 

Ua .^ajl 2.4 (_5jLujj AiLaJ! 5JLob<2l ^a <jl ^jial^lalj .45 

?Al 'La.vi.all AsA 3a*u2^l ^)!aLa 


60 ^a !)Lujj 1.5 ^<ah*ll aILluJI AaliiS .46 

<all Jal^ 2 aJjj] ^jLja^)*JI ^JaLoJI A^Luia La .^jjjJ^)A 

—kLall ^j-a j]| 

• 50 cm 2 

^JauJadll Al^.^)-a (jJJ Jajj Sjb Ajjjix^all CljLa^-x-fia^ ^3 J-ojCLuiJ .47 

^j-o] dsajll (jjdij ^j .CjLuLo-o]I (jal jj J^iWi A^iu j Ajjlg-iJI 

^.x-ixAij aI^^-oII ^ja ^jj^)-a]l (j-* 4 ^jLiii! Aj£^a 

£-a ^ajl 8 (_£jLojJ AlLajLLa ^)1 g Jj-aj ^3 AjC«^) A^ojj . _j\ g 

J3^-a ClAAl 33^ Ajjaij LjJjoi^I jl 8000 (JpJ LojJ A^.^}^. A-ajLLa 

• JaJ^)l! 6^)1 3 Jj-oj II 


Ail 3000 (j-a 4-^La Lyj^- cJ-*^ 3 *48 

^1‘Aj <jjjjaJI ^jl ^1 JlaL .Jal^3 120 (_£jLulJ L_JjLlLa £-a Jjj>-a 

L \\a\\ clilil 33c. L_bat^.l .10 V 4*^)3 3^. ^-a 0.2 A AjAuj jUj 

e_aL2! ja j ^Lll jLi^l j c£ 


.16.7 mA .250 :<-j)j*JI 
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J SjAll Ajijijjisj 

Diode Applications 


Introduction 


1*3 


(j .uKlI Iaa J a_$J jj Jj ja diode aj/a3I 

Jc- Ag Jt AAC-LAsa (j! J 4 A jin's ^)j-aljc- ^A c_aLd!j <LgjIaaJI 

jA^ 4 AjjaII LaI .A_a3 JaJI _jLnll AAC-LAsa ^Jl (_£Ajp ^)j-ajjdl 
A.11^. ^3 La Vi* °i . J^jll j (Jj-aa]l (J1 Aja ^Jj L_J^)3l 6 jl ^jjjjl^j jA 

S^IaHS Jaxj c aJL^. QjfLa l*AAc-j . jluil j^jajj S^)!a£ Jaju 4(Jj«aj 

<La^JO l_^A LaA I Aid J 4 ^jljali^-A A^aH Ljjl^A-J * _)I JjJ (_^V ^AjoiJ V _9 A_^ Jji-dl 

AjjaII Jc. jJaAll Ag y\\ Ajjln^ dijl£ IaIj . — 6 jLujLj Aajjaja A-ijLillj 4 + SjLujL 

aJU. J] JSjjI t(forward bias ^UV' jUaJVI cr ^j AluiaSI ALlk* 

1_aAAc.j . A_ix_Aa^J VI Aja AHaj 1_a£L^a^ ^.ndl S^jIa A qjl^j (_£Alj (Jj-aJ 

JjjaII I Ai^. (JUIa Aaj .^L-ali JjjaII UJ"^ 6 (c 5 JaJ ^ c ' J)^..^ t'LilL^.A Ag *>\l A-nlafl 
L_J^jjVl £.La1] ^ajoiJ ^aI! ^2kJI ^aAC» x>x alaAVl Ad^. Jl S-IaI! ^\ a*. si ^A 

L_ll^jdl AJ jLJ\ lAA ^JjoiSJ (jl .^kVl oLajVLj (jAill (JA AjAaJj 4(j ; i*_A oL^lAj (JjSAjllj 

.aAIa]I Jj-adl ^9 Lg_ilj 1 CS^ AjL-all A_ll^ll s.lj^jj9 ) i * ilWn A_jjAi] 

.A_iLaxJI AjjaJI Ajls_ii]aJ ^ >^nVn» 1 l_S^joA lAA IaI 

a jj a I a] 4 Jlldl Jjjja C£ ic. .rectifier IajLo LjaJ ajjaII 

iaA3 A^.1 J £>L^jLj jLuJI Jj ^Al 4L_JjLiiA jIjj ^)aj SjIa J UIxuLaJ 
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(JL&xIiuil Loj_j ^ ^)Li31 U-3^ .^-cLoVl J)1 'iVL LS Vn 

^ n^j! c_j jLiLoll <Lat*J! A_ijlj^)^]l A^jjoJI j ; iij 4 jAxI 3I dil^.j ^k diljjjLH 


I^aLuJ- 0 l.^.^k 


Rectification fii&l! 2.3 

Ideal and practical diodes Jjjtillj ^HaII Jjjtiil 1.2.3 

' o^ijl ^Aj i^JULa ^jLiillj -Ag-^31 (j^jLwa.^ 1—1.3 iS^ 

Lg-L-a^J ^ajl wa*\31 &.AA (J-axJjoij L_fljjojj . (Jj-a^11 j jl-Aj-a (j-al <j-a 

J^LlL 4_A-aL^ll 4-J — 1.3 (j£-uJ! ^3 A n wall ^jlS! jJI (j«ajl x*a*vl Ijj^j 

•6^jat o^ill 4j^iu]l dil,^.j (_J-a3cLuia]| IN4002 <*— 



(jk j -4-^ jL^ 5 ^'j <j-M3«4l! Jjjiii jaj (!) : 1.3 J^u^! 

.A^k jLniij -\!l (j-aJL-aa. ^a JjjJ (i_i) . J-ual! j Juail! J1.U4 -2jL.il! 


ajI :J?*\Y .IN4002 A^-2kilj ^jLiiil ^j^ajl l_i — 1.3 (J^**>31 

<-gj ^jli t La j-oc. ^IcxJI Jjjjji/ /jja Lu^jkj Yj^Li £jJ tj&y ^JUuJI J jj-ill ^jf ^c- 


£jJaj (j-a (j£-ojj c^IaxJ! -ijj-ll! (JIaxj (Jaaii l^ag lu 'LcIa JjjIjS 

• e-^La. (3jljill <ilij jj^I j .^JLLoll jjjLI! (j-G jiiS! 


^ jLolJ ^-aLal .lg_a 3a*l ^Jj 3_a.La. A^di <v -UVI JU^VI aJU ^ (I) 

I La .ig-aJI 3 ^jja ^k±jj ^^LaJI JjjLI! ^ix-aj 3alj3 0.7 Lj^sj 

• (Jo-aj ^JLa. ^3 JjjLI! ^1J La LajlS 
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.'ijl^aJI Jjjjll Sj-lLaJ ^^-aLaVI jliill ■ VW ’'J (^-*) 

3 jJ.ll] 1000 mA =1A i _ s -al aC-VI ^^-aLaVI jLiill (_£jLul 1 tJliLall (Jjfui 

•IN4002 

4_1aAVI ^J-lc- _j&j AlLa. ^3 1.1a. (Jiltia ^ ..i5o jljj 3jj!lll ^aJ (iljj 

CjLoilLall ^..aL.ii jJXal jjlill 4-1JJ ^j_a “ClalS ^jV <jLa*JI OIJ31I ^ 

j ^-oLoVI l_j — 1.3 (J^juJI ^a 

lil .U jjUj V ^^lc< JjliaJ ^ m^»\l ,^a" ^alaC. A-aja A_x*j ( l ^ J ) 

c_ ja^ 9 ftjj ^JJ Jjjill jlg-jl (3 " 4 xnq'l ^juoSslII ~n\ 1 jjL^j 

JN4002 (J^VSJ Uua ,a1\ jj^.1 ^J] Lpjp» C£- UJ ^ C ' j-aJ 

Aj-a^S A-cj SJJ ^a Cijl£ til .ilja 100 ^^-£*11 jUjjVI ^ g;jLjj 

. ^)j£l ^uSc. j \Jg il .'ig.'N 3Jj3 J^Viml l_1^.j 4 jljl^jVI ■'ig.'> jjl^ll 


Half-wave rectifier 


t.L^ai 2.2.3 


^3 (JJkall (3^J l_1jLiLg 1 j\ * 4 k S') ^LgjULoj J(J131 

6/ 0 jLjj l^jfl 4 V 0 = l () R l isj^ 4-ajli4l ( ^£’ -i=aA 4-2.3 (JS^\ 

_La^iA JUaL <jl C_J— 2.3 cJ^ x *41 ^^3 (j^- 0 L4 la3j 

^(Jj^aftlt aJU. ^a a^^ILa 6^)1 j Jj-oj ajI_j aJU. ^a Jo]^a 0.7 >" 

S^jLiC- ^jl Ja^V . ^)-oJjai-<i ^jLjj A_i£] 4 AjjJan Ajt_nJ^ j3 ^jLnll c4 
AjiJ^a 13 l^iilLo 1 .l^..^i>. jl Aj^jLlaJ ..^ UjIS 1 7>. ^ ‘lx*! j! ^)-qJjouJI 

.j-oiLoui L-Jjtj-ba31 ->.'1 1—2.3 ^ A n^ll S j! Jill (Jj^J c(_jiJ .AIIjIj 

AlL<ua dulj j-ciLaui ^^ic- 1 4 j^iLau^l ^ X>a i i\l .•>,'! ^jxjj 1 u lauJ lili 

jLau ^Ja-uo^ll 


v„ =V DC =If'A / , S in®»rf(=^ 

i 7T 


V, 


(1.3) 


t^j.3j~> 1' Aa._j-all j&i T =1 jf j tv t3fixtt]l ~ig -^11 _jA V ; sin cot 
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120 (_£ jLuil <Sl*i3l <L<u3 l_i jlil* ^^Jc. (jllai t^jjj . (^= 7,Kf j 

tJal^3 54 _jl 120 ^l/n: ^-lajoa^]! <L<u3 ^Qjjui-a ^’^^31 ^3 4-3a3^3 

./ DC = Vp j7rR L 4 “U)3 ^yiixjuz jLjj <-QjlLa 



<ajLLa ^Jc- jfchati V 0 j-aluAAil ^ua^HI ±$y\\ (l_i) t luaj ^jjIj SjU (i) :2.3 J^uJ) 

.Rl J -4 ^ 

1.3 JUUffl 

120 I 2.3 (JSjLttll ^3 A n^ll A^.j>2I l 6 ^)1^ ^.y. (_^jLoli 

<jl j 6 ^Ijj! R^ = 20 £2 a^q jUL* <jl .IjjLiLq U^s 

a^)xJ-ua-<x]|J ^-<2ixxJ! ^jIjj ^j 3 tj ^L = 1000£2 A^ajlLa 

. Jjj-lll J (J.^rv'1 ^3 6 nxtll A^-Ua!lu:VI t_Jjai^.lj 

\\ J-oaJ! ^)Ljj A-<u3 (_£jLojj 

I p =V p /{R l +R d ) = 120^2/(1000 + 20) = 0.166 A 

i^aLuuJI ^Lilll 41.3 <3 ^1*^13 ISa jj 

I X =I,I* = 0-053A 

:jU13 <11*131 A-<ua3l ^ jLajj ^41.2 a1«A*a 33 Us jj 

= \jf JT '■ 2 * = \lf r (/ - si" ®> ) 2 <* = J, /2 = 0.083 A 

<_$ jLojjj . _P t = P L + P^j 6^1 -ill ^Jj aI^.1 .ill Aj 3£1! <c»lJgTujjVI <_$ jLajjj 
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t P L = / e 2 ff R l = 0.083 2 • 1000 = 6.92 W JaaJI ^3 sjVII 
2uK]l ^clkluiV' gjjUi 12 ]j .P d = / 2 f =0.14W Jjj23! sjjjJI lift 

.Jalj 7.06 1 gx2j) <_gj]l 

j jj2]| ( _ 5 1c. ]-»il gII ialja 0.7 ■ •>!! <ajLoJI diljlmi-sll ULaI liil 2a2.V 
(_jjJ=ui]I ..i^y 11 ~ig -nII ojj2 <-oj 3 jl I..ojl h-sV j . ^)Lii!l ^^3 

. IgtaVn jl Jjj2]l ^gl&j ( I20V2 = 170 V j jLol! jjla Jjj 2]I ( _ s lc. 


Full-wave rectifier 


aJLaLSJI 4ajaJI 3.2.3 


Lii£jj A-cj jl V] . (_)^^ll C- ,flx^a7 (JLaxJauI j-o j-oll <—Sj>-aj In^Q 

. I 3.3 (J^joiil ^a jjj<o\l aIaI^I ^i \ g K _5 -a 1I (JLaxjjbul j-o j^ «oj 

tillj (J^Wnj . (J^^ll ^mJaS coL^jVI (J-aaJI jla-o ^ j\jj]I (ja-iii 


IsSj 6 4_la^J (_^l ^ A-ojlLoll £-0 \ \\x tilx ki) jjli*UI jj jl •s m jjJ_9^ (JLmiIIujIj 
t-fljlnl! 4-uiaa j*_^J cc_J~3.3 (JSjuJI j C_J - 3.3 jjKwill jjixtll 

. (Jj-ajl_iaJl 4.11^. jLin^ll jlj^J.l]l j_^J 1 ^_J 4 bj)\ jll j-a (_£ _^Ll1I 


jlj^jjll j-ojtJj ild^jAa ^iLoiil c_fl^)Ja]l ^Jj-aJ cj^^ll A-iilaa n Lo-liC-^ 

jl 4-sjVil'j .£-3.3 ^ j ji^W liaj tJijJI jc. jVjVI ^-iajljj cjl^kVI 

.j-3.3 J^JI gJ jli-ali ^^jVl J* g^ oL^jVI /? L jUil 

^a^Lc ^ (J^^sll ^-0 \jlxulxtn jVjJ-a_5-<i (_jl jyJjjJ ji ^11 ojLiiVI i—iaj 

j}S-<sJ^ .la]^3 1.4 ]**-* I Ja^jA 4^L) jl u.j I2 Aj t^XolSlI 

4. t >aq-^. j.^i) jj^ Vq l^yjS jj^j jl Y H l^gJ 


.(Ji.Jl]| .\g.-N ■ j Wi jja. jliutaJI ^^3 oii.1 12]j t ^a2l 


I_j <Lal^]l _ja]I ^ ji. ^ !-■ ■ u^]| .’Ig -.]! ^ li» j 


V... 


1 r r / 2 

V nr =- V sin cot dt 

T O Jb p 


T 2 


2 V 




(3.2) 


^a^L<J j^l cJal^a 120 ^Jljta a IjjLiLg J^^ll .,^ ^ jl^ l^l-s 
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(e) 




Ui liSj “Lulailt I “LilSLi!) jLuw . i_i) .AlalS Aajj j*^a. (i) ; 3.3 jLiill 

• Vq 41 AajaII j»jLa j' 4 . jjjia 


Rectifier filters 


CiLajjLoJ! 4.2.3 


(jfLaJ Ajl VJ S-liLa ^JjiiiJ! (jE- 4-a^lill Ajdafill (."ll-s^all Clm-l] 

(Jl)l».luil 1 Vl^^J lillj j . Lu^kj ^JllLo j i »'|iiui jIjj (jjjSul 1 g ,aj» V' 

(jl j .^^Ic. l 3. ^~ >,a " ~lg •%!! ^aJUJ AilifLail (jl . CjlALall j ClilsjfLall aJI nr. 


. 4_)3 jLall jLlill jSJtjj <_kLoil 


^ .>inll ~lg -nII :Aj3\j 3I CllLojLalt jl-i 'll “LL^lall 

. _j.olini.alt -sll <i£^a AiljJal i JJjilt “Lille, dll )^^ya ( _ s lc- ^Jjliill (jC- a^Ull 
j^a t^ajjouill _jLiilt JJAl jjl A_diida dljJjJ _jj^aj ^jd^al (_jSLaJ lilj 
(JSLlill AdaiduJI dl ^Ajlill jjjd] l-im jl j . AlllaJI dljj^jjll j jja 
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(jjUxi jib La] laSj (J-a*^]l “LajlLa ^a Lc.^)Sj Al_ja^a_j^s AajfLa jJb ^RC ^-ai^a 6.2 

.1g ~s J&J ta_J 4.3 (_g^ (jjl^'l AijfLall .~lg •% l q *<-ii j . 1 4.3 (j£Li]l ^3 

.M_2»._ja]! I L^ii jijLa £^p>. ^3 <ajjlj]l A^._j-a]] 3-a jaJt-il 4jL 

Aslia AajfLall tl.yi.alt i."lj*t (3^ •aSlJj Clij-la* A j3j£ 3 ! -yLall 3"°J 

■iWT'j “LajlLa 3] AfiUa ^Lii 3jUC- 3 jjJ $.liil 3 LLil .lat-sTl 

.Jj^aj “ULa. ^3 Jjj.21 3 j£j LaJuc- (_£I 1 3*’>»«lt cLul ^^3 L^jjJ AajfLall Aiilla 

(JLluI ^3 C ii*u _jj|l‘u.n 3*° Axad] jV..i.o 3^ 3^ 2alaaJ] AjLLa ^aVt 3 ] 

LjjJ 1 g JLuu l. 1^.2 3^- a ;i t ^3 AxaJI ^jILaus (j\ ..-n 21 f-Llil ^33 jliLa 

._jjn^lt 3 ^ J^n.i-all l^ia3 3 C ' *t j 3 ] ^J9 


i A jjjLlt jLj • 3 ^*^ JJ^ 3 3 “LiaLLall 'ijl3l 4.3 JiLLil 3 ^ 

asLaj] i c =Cclv 0 /dt AaiifLall 3^“ j3 3“^ 3 Lj t l —Iq *Lui 3 

] g'3j3 £-£j) (Jiill jjJb 3 JjAM A-ajlsu R d Jlaj . / L =V Q /R l (_ 3 * 3 t jLij 3 ) 

RjC >.o LlwL ]LjIj ^Li* • tjlAj t^aliLajLH AjuJoJj ^j$\ 3 ^ c- 3 r > ' 3 “ 
(Ji.jJI Aljg mj £lij 3 ^ V () A£ifLa]l ~lg 3 3 ^°d t Llj ‘ As. jjuaJ A&ifLall 3 2> - J '-“ 3 ) 

•V —V p sil \COt ^=>. JU=u» (Jlaj ^i]| v p 3^ V 0 -y'-W ‘U^j -C a■■•''>" 

tLuaic. JjJj]l jLi^jt ^ n^>J tV 3 * Liij3 Vq <3^-5 V (j^»3l Vij 3^ic- 

.yLa. 3] J2 Ljj 


(3 JjjL]| 3j^i l t->~t l oiall f.ljjl ^33 *3)3^^ .JJ^ 3 4.3 3^d 

# > 

A-ajlLo i^^ul lAA^j AijS-al! (jc. 5Jl^. 

jj£j ^LajlLo (j! Jj l^lajj .7? l C 

‘R d C (JA Cluliil t/? d (j-o SjIc. 


c-ljjl ■>'! ^jialLkjl j£j 


dJLC> A_iLcjuI t- Kmj/'ll ^<u. 




IfraJ | i_j) .jajauaII W - ‘" HI J^aJI “LajlLi AjCjSj 44j£a (I'j :4.3 JiuiJI 

.jjjij]) flu! fUiii (ji sjlill .^jliaSI 

'-^?J -/ L “ ^DC = /^L -- i U^'j 

^ hx J jl 6-^J ^^Loll IaLgJ Iflll^kA (J^Iaaia'I 

C> ' x^al (_£ jOuia ^A j 6 2.3 J 1.3 ^jJlJ^IjlaJIj I ^jaJjoia (_£ jJjoia 

^)a!LaaII £ jaJI -Xg-^k, Al^J (jl (j£aJ ^jiLall ^ 3 I^a'I ^-juo^}a ^ajJa j! (j^ 

.IjJ^)Sj Sjji <AJ3 ^5^ I 

4*j AjIiUI iUyill -ifa. 5.2.3 

Voltage remaining after filtering 

pj* n Jbu ^jfi] . ^aIoiaSI .'Ig •%!! (_jjj£j ^3 1 aJ ]->c. IjjJ “iailfLall ^ui^a (_£jj)j 

tilli dU.j*J ^ jiJI .ig^ t _ 5 igJ 41_J — 4.3 tj^- 1 -^ (_5^ (jlf^ll JjSJ ^-.agill 4 ^._ja!I 
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.'ul -s'ij jjia s-UjI ^ .0 jIlLa JjAalij (jVI ^jii t—S jjuj ijala l^a. 

•A^a, ^jLolI it = t~, ■lie. {_$\ a.la Ajl^j cs^J *V ^>0 frlluil uldl <ajfLall 

:<£Lal! 


v 0 =V p e 


(t 2 


(4.3) 


i_a ■ ■-»' ^jLa (jc. Li& i" 1J. v ,a 11 j Lijjij T <_Ja.l]l .1g a jjl ol-a (_£jLol1 

V r Cjlaj*l!l -lg_a jLuu ,1nja .7^ : ? 2 —^ 1 . 'Jj' 1 ’"' (j^®d lilj i(4_a_^o 

:^l i^jjilill o-la 4-ilgj <_gi ^ all “Uu3j V (jjj 


^v„=V, -V r e^=V„ 


V. 


(5.3) 


i? L C /tf L C 

a^. jjj ^g Ijjj£ ^£1 Luaj Iml Ua IjjJajjal 

^^)*j Ag ~N ^aJ (j-oJ 4 £J^)Sj 1I ^Ag-Jkll ^Lilx-sa IA-gIaj IAa j t T jR L C <^C 1 

6 A <tc 1 IaAjc. Lga^c. ^ A = 1 + A l-jj jSj]I UUa’uJ liil till j t. qLjaj . 

• T = 1 J f AJL>\jl31j ^jjJajj^All aAA^jJj (J^aII ^jjAj 

CIA^juj^-gI ^J^gx.^'i aJaI*-g 5.3 aIaIjl-gII ^^3 W \1 ^jljac-l ^jS-GJ 

i\x J*a .4 q : K ^\\ Ajuuj ^.xi 1 L_jjo)ljjj daU.^Lil! ^ n ^jl ^Jc. ^^ .aAAAuxAI 

V (J^aII Ag ~n (JUa-G <5.3 aIa^x-gII ^3 ^jAULgII ^jjjju (J^aj V 

4 I^AA AjtJUO ^}i£l (JLgXJjo)! t ^ TSJ I A3 . Ij\aC» AjJj ^JAULg (Ja.^II A-GjILgJ fiAA^JJj 
^3 AjI Aj.mll ^j-g Aj V t tillA ^a j . ^QjjqbG A^a ^xjl ^ J^axj tillA jV t aAj^aII 

6^1^ Ajj^uAuAI AijUl (Jj-gj t_fl ^juj t(J^.*ll! ^-g Aj«1xj 1I j (Jj-aJ AJa^J 

I A3 .Ai^)^. ^ i^J^ll ^3 C5^] (jl ^-^3 

^aJ3 ^j-GjJa AjlLljj ^j\Sl^\ ^)LjAll (Ja A^jl Aji-g (JjaiLajl! ^j-lc« 0 _)jic A^gjILg 

• JjjAII tmlio^l j-g 

2.3 JUJ) 

a1g1£1! a^ j^ll ^^A-g ^ (Jx-aj (j;f^ v r Cjl^.j*jll j v q t_jjoi^l 
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t. (_£I A tfr&Aj £-g 3 — 3.3 (JSjoJI ^3 (jjixll 

• l 4.3 lMI ^3 A_LalS A^ja ^^JLaJ A^j-oll 

g-3j .^joij-o £-o A_s*^q <- Qx*Vl Vq ^^>SJI 3g > L_l — 4.3 (JSjuJI (_£JJ 

^Jj A^_2k Aj ±ja i^ja L_JLaJI £^^JI (JjA* \] tAlalSlI a_^,^o 1I ^j^iaj aJL^. 

.j—3.3 JLslI ^^3 i^.ll till a <J^3 3g^ A_^.^-a JS-uj tillijj t^lc«VI 

l g.L\x <c i_<» ^jVI ^ I>.aj ^j-au^al! (JiO ^3 ^.a’na-all ,1g -n'I dlLjajj Jjl*-a (jl J 

(_)j3 JaS3 oJ-all i _La*aj <9jfLaIl ^JJJ La IjlAj l<a_jA]l i_L-^aj ^>jjj <]La. 

(JjILaj (j! jjc. (C Jajjj . <ajfLajl (j *\jui ojlc.Jj (Ja-ajll <]La ^JJ .3jJ.3]l aJ_jft 

l li-al ^ajJj <lLa ( _ s 3 <i-a <33 ill*1 g nV _J ^aLoiaII ,1 g % 

(jj J tljjJj (_Ja,3]l 2ig -n jj.1 >■ *!».->’ a~~ > n.-il £jjill o3u ^jV 4<a_JI 

:5.3 “Ujla-allj ^Jax-all 3^a. £r n*ij IjJ .?,, —^ — T /2 


y„ 


y„ 


(6.3) 


' 2R l C 2/ fl L C 

t qI v >» \ . C. \xs~l\ ^aJ aJL^. ^3 ClA^.JJtlill 3g ^ t, LalJ ■ ‘J I 3A J 

CjU.j*3ll 33 jj <jl£ 60 (_£jLojj A_lk3 33 jj (J^3 .^..rk (JaxJjjjI lil Ajl tilli 

A _5-^ll aJIa. ^3 (jjjjjA 120 j tA-^.j-^ll ^ '^1 ^JjSj A^-^- (^^3 ^jjjj^jA 60 

. 1 ^Jjoi jjll ^J! 4_^.L^JI 5JL^. ^3 I a)x Vi (J^-*jjl j LjaS^j JSI 33 jj 13A j t <LolSll 

170 (_^jLuiJ _^)-<iLaui Agj2>»J ^ajl ^liS 1 AlLajlLa ^3 t_JC-^)j 33 

A^L^j Uj 13 tJalj3 3 3^. 3 jjj VI jA CJjU^axll ^ji ^j3al jj3Lj .JaljS 

t C =170/(3-2-60 1000) = 472-10' 6 F = 472//F <£iLa JJ 

60 a-i-ijjj iJalJ 120 <ll*ill <^aJ3 i__>jl_ila ~ig ~n j& ~ig J (jjal J3lj 

(_JaJl A-ajlLa j J ^jLolJj .<Lal£ ya Jj (jl j i 


d)La.^)XJ 1^1 t (_5 jLuU <Lal^ll jLq £■ (jl Ja^V 

J -y 2iJ^p ^jUoj ^11! t ib^aj aJL^. ^ <3ilj t ■I* )■>> ^ jLaU <Lal^]l <^,^31 


•lMI 
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I Aj£^. <LgJ (JjSj LgA^C-j . I L =I DC = V p //?L 

.^jLdl ^£>LgJ! Ag-aJI ^jaSj] Ag.rxll (jAaaLk jl ^k\ j J3^-0 


Voltage doubler 


±frl\ uapLuxa 6.2.3 


C-kc-Lja-o S^)Ia JLgxJjojI ^A ^sJjoui A^.^k AAC-LkAa-d A_i£-uJI (_£AaJ 

Ai jSaII aj/aII c>uij .5.3 JLill aaIlgII voltage-doubler a^JI 

^Jl AjjaII tLl^j-G Ja.AH Ag \ LcAiC- V^ ^li^. l.jlat 'I 

^jjdjjl^k ajj.g' 1 <jl l^lajj .IJLai (J^.a1I A^_^. LgA^C- ^iiuJI 

AjLolJj . J^aII Ag a (JUa-G L Q* xA? Vq Ag £_£jLuiJ t^j^la]l ^9 ^jllialLG 

c^Uaj tA U^11 A^.^g]| ^aJ jSj ^jc. ^Ull Ag-aJI CjL^.^)*1]I AAjj UJ^, V Q Ag >'l 

120 ajI^^ju aa^jj Lou IaI . J^aII a^_^. a_^.^-g ^ki ^.j (JLg*HujI ^ nun 

a!aIj«_a]I ^a 6.3 aJaI*_a!I j t^jj^A 60 J^aII a,^.^ aa^j IaI ^jj^a 
tliLai IaI n^aiAjaal ^j]I eijLc^L gII ^jl^jc. . cjI^^xaII tilL c_L-a^l a^ga^LgII 

• ^jliajS-dl Ay..\W 1^j3 ^jLjj ^)-gj A^a jULg 



. J^aII lg_^ jUxa t kiia A^JI UApLuXd ^jLa SjlA £ jA jaLuaaII A£^J! ^ jLuoj : 5.3 J^uAl 


Clipping and Clamping Circuits LUMj o^M dJ j 3.3 

. A \^\ a a .'.Vi lIiI (J» Vl dlljjjill J 4 LlSi (jVl 1 ®_>“> 

. l^io f-jr*' jl 'ijLiVI JLs-a (j-a -laJl 4j3 i_jjc^all (j* j j£j Ji tbLii-li 
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Clipping 


u-M 1.3.3 


sjLil (> f. j*. (_>a3 clipping circuit ^ s j'-^ <*j^' ajL±>j1I 

ojLaij A_^.^a \ 6.3 A Vn.all ojl-l]l ijla-all (J.U ■ a ^^Ic. • (_)±-lll 
4^ u' jlaJ-a (jjjjjill j! l^ikia . — V jc. Jaj jl \| ^^Ic. U^s. -yjj 

Jjjilt ^ U^IJ tV^ A-aJj v jjl=Cll La.iic.j iV ^ J Vj jJJJjUa-JI 

V —V l -^sJI (jja la^Jj .?T jiJI V t AjjUai]l £-jJaJj J-^J AXa. ^ 1 
.ajILoi Lc^ic. a aaiVi ^.^jaill ,R a^jjULaII ^ic. 

^3 jj^llS Vq ^ajA-V^ll £j^JI ^ ^J-waJj tV A-m^.ll 4 .^.^aII J£joi jJauJ 

V*lVn t > (JUa-c j-a l^)Jj£ (Jsl V 2 J ^1 (lA^ lijj .L_l — 6.3 (JfLuall 

^3 4 n u S ^3 (Jj^Skjll aj\ j^a^k Lai .Aju^}-a]l A_^.^-all AjLujj A_^. 

.£-63 JSiJI 

Limiters Cjb-la-ail 2.3.3 


(Jjjjoi .Aj^Uall y\\ CjtaLj j-a AjLa^U dll (JLaxILojI jS-aJ 

La ^Jj jLpjVL Vq ..^...^k.ll ^ajujj V dJji jl ) 6.3 (jSjball j-a t (JLLaJI 

j-a j\jJ^lJa.\\l CljJjt-iLujI Iijj (1 .11 . — V 2 OJ^ La I jl + j j^3 

^3 j^fL cJ9 ^joi jjj^j^ll j^-a l^.lj jV l^j-a ^^iJI ^ ^lA-al tl — 6.3 (J5 Lx!u\I 

4^1 1.3 eft Jx\) cjjJliLc jl-ijj^ll jl£ li] ILa Qp I ^3 Jj-aj aJL^. 

6 jjL^jj jl L_ia*J JaljS 0.7 iS jLoiJ ^j-aLal jU^jl >^ > i <- flwaJJ JJ^-^l jl Uj^l 

A ni^ll (j^aall 6^)1 J jji lil .Jj-aj aJU. ^ g.ij^aJ jl (J^3 A_ilc. j tJ^^II .,^..>11 

^j^) 1I CjLa^jJa-Q j-o JjVI cJ^-I^JI 6jl^ jl j^j o — 6.3 JLill 

A ah CllL<^-jJa-a]l jl .Jal^3 ^IiaII Ajj^) j-<s J^^ll j_3^ 

jj^^jJ j-o Ajj>^^ll AjadJoull SjU o^A Ia^jSjJ AjLa^JI ^1 lilj t^ijuull 

• ±0.7 V ij±s Jl^s. (jl JAaJ LiC-^jaj jjjju^a_j-a jiuiSbCLa 
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0 , 


(}) 



(*) 




( 6 ) 


( J ) 


+ v. 



.Vo jrjaJI .V 2 j V\ —j Sjb (I) :6.3 

•Vo v (Jii^ (^) 

(J-LUjj ^^1c« >^i\l iS CL^\j$jl±u^\ (j-^J 

dAjJaJul (Jy^u^ ^9 S^LujVI (j^£j (jl i(Jl!L&JI 

.* 

jluaLj . aJjg»-all LUaLla]! l^jlt * <j.-n' s iajl^)jui^ (^_j3 ^7 ;^*.-n 

C 5 ^] ,J“ LijfLl dj-% i l — 6.3 JSuill (jllajUaJI 1 .ag j)-hm (jjilll <_$-Igxv 

lillj .lie. >iall dll.>< n i_yai QiLaJ il^jS i_JajLiLM .1g -s ^ya La -la. 

. dl3_j]l (_>aaj ^9 A\\^\ ajLiVI JJ^allJ cS jdo-all 

3.3 Jli*ll 

(jja^ (JaxJ d9_^a jt Ax-L-L 4-lial Ji~vl Lj jLLaJ La^iaia ^aajl 

.Lj.liii]l ^llakil 



. a 4jjUaj Lajiala :7.3 j£dl 
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12 _J Ac^Luill AjJlxj S^aj Ac«ljail! ^jAk^i .Aajj Ail 

Ac. Lull! 6^)1 J £a bSUt Jal^S 9 (_£jLuij U*l$a Aj_jUaJ ^^3 t_JC.^}jj . 1 ^aIula 

(j_j£j V La^ic. 11 a sjj 7.3 J^ju 2I u^3 . e-L^^^l! ^VlaVil ^jja 

^1x11 Jjj.ll! (jV 6 Ac. Lull! ^Jj Jo]j3 12 Aj.Ixj.!! S^aj 4 Ac. ^Lj^H! 

JjjLI! ^^ic. (jilaal! ^kj, J s*ii jl j*s iV! ^ ^jLaiJ Ainaj . (Jj^aj Alla ^^3 jjfij 


^ l la Vi! jjaj . (Ju-a3 Alla ^3 Jjjil! ILa (jjfij lilj tJaljS 3 AjjUojI! £a JjaiLaiial! 
Alia. ^3 (_£jlxl! ^ijJ^ll ^a^ajS tl^ix-a Aj.liil! S^aj ^^>a g buaj 6^1 j^£1I 

£-o (JjoiIujlIaII JjjLI! jLiaj! ^a ^ )x^ajj 4<Jj^3 Alla ^3 ^aJ qaj 4^ju£c. jUaj! 

5= £ > 55 

(jiajjij fc 1 a tla .Ac. Lull! AjjlJajll (Jj«ajll Alla ^lj (JqVn3 tl-LcLo! AjjllajJ! 

.Ac Lull! (Jj^jujlaI c_fll£ ialj3 9 AjjUojII -Iga (jl 


Clamping 


£411 3.3.3 


4 a.l J)j (_^t) Lo 'i^jLaiV a^aJjauJI “Lajj jjj»M A^cLi dull Ijj 

4<jj)\i->.o'l A ^jqll ^ia <slLa (j*\ .a (((JsUjjVI jl Jl IAjjoiLj SjHVI 

j. ^ 

, 4 _j 3 c_)jC-^a]! ^jjjua-a]! jJI "iJlVI ^jJj tojUjVI ^--L^Q £-a lj\..i\..n Jlx^aj (jjaj 


45 Vila 1—8.3 JH1 (^jjj (damping circuit .koSil ®j4 sjiil si* 

V =V sin (Ot JiJl 1^=. (jjSj Lali*J ,Uj3 0 lie. SjLSyi ojji dI n'l dir*, 

V 6 j jll 4-al3 <SjfLall (jalaS 4JL* ^3 JjjUl (jj£j (Lls-J^a 

jjiu^a 4ilj Jj\ RC (.gda^l ojlH Clutj i_WaJJJ • l 4H C^s. lljljl f.Hl ^ 
1 (j a (_j3l j ^g-oLaVl jlJ^'V1 (_gi IjJllI A-ojlLa ^A 'iAia .41 R “CajHaJl^ lli. 
• V LjjLuus ^JU^aJ l 4H ~lg > £-a <ajlall .'Ig ~N llljj lil .^ollc. ^jl 

< _ S JJ (JSlljj tljm^c. IjjHI j 4 dl ^ n^>j3 iV (jc- Lma. (Ja.ll Uga. (j>i3-s n 4 
j^o “dHI £. iaJ J^alsll IjjH (jV Vp lie. <ijUI ~ig ~N . J.^iqll Ula 

Iqp 1 V^alluiLa CluHl <a!ilall ~lg jVI ^^>HI ~lg a (jjlfj .^J_jSLj3t 

v 0 = —V p + V p sin cot =V p (sin cot -1) (7.3) 
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(jjfLj l" n*s. 1 ojjjS (J^^ll A-ajlLa (jjfij ojlcj 

jj.ll I ^3 Ajilj <SjfL&il i“ n-\ n'ii'l (_pa*J (Jt.n-v lilj .^Lo^-o 4j£ifLall 

.(Ji.^]| ^ -nI 

( S-^-r* -^ C " lM' SjLi] ^^ic-l ^jlliij ij^j^ ^ j m - 8.3 (_£jj 

: _ J ^ h*j ti_J — 8.3 “UUi. l ^S3 . — V J + V (jiiljUafSI 


v 0 = -V p + V + V n sin cot -V n (sin cot -1) + V 


:^ _ 8.3 (JSLill aJI^. 


v 0 = -V p - V + V D sin cot =V B (sin cot- 1) - V 


o \ v v w 



te) v v 



.— V (^)j ‘+V (ij)j ‘0 (') ^ JiJll 5*jji jtJll » JA iajjjaj :8.3 JiuiJI 
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lit a jUiVt Jiyui Jxo3 Jl 8.3 Jidll J jjidl dl j £y» Jj/dt aid' jjj*j j Jjj :9.3 JLuJI 

• +Vj i-Vj ‘0 

(Ji-iSI BjUi! (Jim! j j u j 1 9.3 (J^dll i uil]j j 

'. _j ^laada dil jIjJI ^ Jj^-?' 1-°1 .+V j t ~Vj t0 -dc. 

v 0 =V p (sin cot +1) 
v 0 -V p (sin cot + 1) - V 
v 0 -V p (sin cot + 1) + V 


Zener Diode Voltage Regulation jij JjJ-iJ <1$^alan 4.3 


,1g -s (ji V] tAjJliill dll .la. j ^jLall ~lg Jl ^jd A Qi^-all jjl ^j_i3u-a 

l^do iA qii-s <1 L-lllmV 4*s n'iill .l^a. dljjij £-a jduj (jl j£-aJ ^^>iJI 

(j^ ajjj£ (JLo^.1 (_Ja3 jl Jj^aj .lie. <Sadll 111 Jill ‘d^.lLall dial j 1-n > .-nV 1 


Jim .a Jl Jjjjj£JVl dljl.l]l (_>axJ ^lia^l La-lic-j till . dl£i^)a-a3l (JdS 

(Juaj djljjjjill (j^i (_j*aLi. ^ j _ja jj ^.Zener Jj dljjd ^Jl la^lj iLaLaj 
jll^jl -Igav ^.lArll jLiaJ^l -1^-a. jjldi -lie- (_£,i]l jUjVI (j-a Jlad (jl 
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AjJllaJI CjIjjAJI (jl i_j — 1.3 JSLulII liilj Ujl . 3jjL3I 
^Isj Lo) jjgjV I Ajlloio ^3 (J,n».\l A a a > s-i a ^g3 _jj j ^ 3 jjL La I • .jLjg-j^ ^ ■ ’'g •> 
^ m^.lt jj's'iVt .'Ig -v ^ \k^>J La-lic. AjL^iLM \ gill -\ ^jl Lil£ a3_j*Jlj (l-lj-ls-a j-iill 
li] .LaLaJ ,1g -yll A-aJii (_>uij 3jc. Lajl-S lg_}3 jLlgiVI t_]t.o^Jj . jLlgjVI 3g_=v (jxs (Jijl 
o.luj Clijl£ Lag-o LjjSj IjjIj ^^JLu Aj3^ia j)JJ ,1g -^.'1 jjl jjj 3jj3 jli 

_jl I <aiVi.a A L V' A L^i o3A j .Aj ^ jaju uJI i_)a*JI JLa-a (j-ajJa Aj 3 jUI jUlI 
IAa. <c. ^Ii-c jLi^jl Ajg >) ^ix^aJ ji j dal J jjA J I j . I Aja. Ist^. j-a 

.Adllill A j>,g 'vll 2>° 6^1 J (^\ *Uj)g xii) 200 2 2) -0 ) 

aA^^JI 4-JlxJI ^^J^pjoJI^ filial! 4_^.jA^-a]l jja!^)1I d£l /fbauaj t Aj>g a^all Jliill! 

. ^pdaui dplj A^_^. ^J] <juAjol^. dal jlA ^^Jc. (_£jla2 J L)^-^ 

6^1 -ill &aa UJIjj . ^p^j A_pA (JLaxHujIj Ag-Sk ^Jva^ I 10.3 J^dll (_£^p 
Ag_2k ^A ^p^j AjjA iAjIjJI AgpJl lg jlc- Jralflj 4_lluilujJ <LqjULg 2) -0 ^J^Up'l 

2^J V (J^aI! App dajlijj LaAic .j .R l 4j& L_ajc.^p2l AgpJl ^jLpa V_ 

v, c> j4' <j'UAtiK) y max j y min la j ‘ujLoJ 

JjjJ jlij aliljaij i_J — 10.3 (JS--JI iSji -V. -ijc- AjIj (J-aaJI 3g^a t^-aiali3l 

‘LA 1 -(^max-^min) ^ ^ ^ ( ^ ,„ a x ^ 7 ,„,„ ) >J 

(_^AJj j .IHjIj /? l C5^ daj^kj ^pj AjjA ^pc. jI-aSI jldll J^*4J 

jlLJI A^.j jld ^ daljjij ^dpUllI jld^pj dalJ;i*j 

. Idlj (J^.Tk.11 ^lc- A^-^JI & lap ^axuj Lq IAA j t /? s 

4.3 JHaJI 

Jal^3 100 Aic. tplj /? L (2-^^ jILq (.5^ A^-Skll A-i£.^) <da 

jA L-aj)\J^a^ll j' 120 j 110 2^ (J^aII A^ ^ ^) : )3tlu LoAic. 


^Jdj i I All .<LlAa .“Ig -n\ 1 dijl£ j] ^jda-AI ^dSU jliill *^1} t jUpVl AJakj Aic. 

UJ^ ^ U* <0 ‘dlij (Jj3 d ^1 pjj (jl V tl*da . Vz •^ c ’ >11 CS^J 6^=V j\ < oa> \1 ^jjlxdl 

(j^»l % 11 j-c^llj ^>jj »Vz *•. '‘'I > <_5-l] ^«q^c* 1 ^jld ^2 1 a^ 4 ^^}J 

.^g-aLaVl ^)J^)d]l al^AV t. <al\ ■>><ol' aL>jVl-J 1-^JJ«^ l)^ 5 C5^1j ^ 1 10.3 (Jdlll (jdall 
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“LojlLo 4»<u3 jlj t \ 10.3 (J^ imI t ^g3 jj 1 -a\l ^_jjll j-a ^1~>*l«a (JLaaiail 

.lilli (jjjLaJil R s _1 A-ajij JjJaSl i _ w«-sl jLfi 10 

(_$21l ^^-aJaC-VI jliill ^ w ’' j»J 4^ z 100V^^^ J jj 2 Vjt jtlii 

‘‘Uuall jjLajj (jl Aj\ (jknjj 4_ut_nlall (_}<a*ll i _9j^jia jxu^i Aj3 ^}xu jl jfLaJ 

. s ' ~ -s. . jllii_all J jjJill lg_j ^ ca.. xj ^aiaxJI 

iaaA Ijl t .Vnj~\ .^™ n 110 V i_jj\j Ji^jll jl Ajlij (jjajiiil 

i R l ^^ic. lilg’ll Jalj3 100 R s 5-ajlLall f^lc. ialj3 10 (_£jLjia 1I , 1g yW (jjjS 

ojl-lLa jlii R J R l ^ ^aj jl i_ '-VJ ttillj (jWn .4jjU~».all AjLaJI i^J 

l^gjLuis AjLaiLaull ‘LajlLall jl ^ '* * \ IjlAj tjji-al Ll ^ 10 

jl jjj Jjji ^1 A^La. “Uu jjfu (jl . R s = 10V/lOmA = lkQ 

J 110 jJJ JJ* j <_J^-ill ^ jfll . A_)3 jljj j)l Aj^ t_Lalj3 110 IjjLows (J^-ill 

tojlc. -LaJ Ajlj ^jjinll tilli i_Sj-alllj . a_l 10.3 (JSaill ^3 (jjjolt jjSj 4-laljS 120 

. alllc-Lui jl (jjjlii.} jl (^IjJ (jj*lmjj 




izjjj JjJJ jlJJ JJ*JJ (i_i) . jaaJlj Jijll £±Ls jjj Ij-a. ^Jala (I) :10.3 JLuJI 


<>aJ' Aw J^l AjUU / min LuJj / max Lr alac. 
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.Ajua 1 lull Ha ^ jLiill ilijj tJaljS 120 ^g-l) tj^-dll i£-=*. ^iiijj ^-°-^ c - 
10 l$-l3 jLall jLnll Lff Lu J *■ , 1>J tialj2 100 -lit R L ^gic- iallgJI >1 1 c-HlV j 
3iwLl LaJlic-j . jjj Jjj 3 i—l&3ii jl 4-120 R jlii ^ ajLj L$\j tj^l LS^° 

tialjS 20 (Jjloj R s ^glc. Jl£a» l- » 1gJ tV max = 120V ^^-aJaxll 4ilaj3 (Ji»..2l 
10 J R l (^1 Oja3j jjU-al 10 l^la) JAlxsl ( _glui 20 4ii.lo jlii lg23 jxsJj 

J -^,min = 0 Odd Jd*^ jjj J Jd J <jj L $' •( J jd‘^' <J! V^^i Jdd^' csV 1 

Jisll Lai ISsj c .\^.a CjI ajL^jjoj! i I max — 10 inA 

.JaljS 100 ^c- (J-aaJI 6 s- 3 —10.3 


•U?\ */? s _^ Li> ^<a)q\t -Ij.wM /_ min =0 (JLa*JjojI 


R 


V - V 

_ min_ z 


s, optimum 


.i? sopt =(110V-100V/10mA = lkQ :Lllia ^ m*A 0 3a 

1 n^Lal 4 UVij (jl (3^-^ iS ^ /_ max lijj 

- ^ W L$ /? s 

V -V 

D _ max _ z 

SMn ~ I _ +/ T 


•^s.min = (120 —100)/(30 + 10) = 0.5kQ ^ </ Zjinax =30mA j-IjiaL 

La J1 -n (_paikjt 131 4jl R 1 ojjt .^1 “LajS (JLa*-Uul oJjli ^ W"(i 

3Aii R s jl ^3 ^ Wn3 4 jjJC. Lai . ^jlVnll (JjxLa j-aJjoil 4.ia]j3 110 jjJ 

Udd .Jdj ijJi jlii jjiiij ( L T J )j ‘/? s t 1&-Hii ^^lill liili j-a jj£l <c.Ualol 

t^d 0 10 j 0 jdd jd*^d 4j' ud*- ^ ‘/ z max =30mA j I z min =10mA 
JjjL jlii jjLii tialji 120 (Ji^iSI i§-^. jjloii 131 (ii)j i R iJL^. jdd 0 ^ 
jVI JIjjill i—ali (JijJ liA j ‘/- max <d (jlcVI iaJI Jjj 

^^.ILa jLjjL Lai iAj ^ juull -a?-<C^VI jliilt jjlaj jlr^ Lajlj 4-all 


181 



jl iV ^*ahc>Vl ^aJI J^3 ^ (^l cJ^*^ >' 

^^ic- Jjjtll! lA\.u L_fl jjl*j S^ikVI <1L^JI • Jjjtll! ^ ^>-aJ (J^.^11 jLjj <J£ (J*-^j 

. I 0 )l-JJ ) al^J C Hull NI 

z , max -* - * • * • J • ^ 


^aIaII CjLjjJuJI 5.3 

Silicon-Controlled Rectifiers (SCRS) 


Introduction 


1.5.3 


l$d J Vi.all diLajLall 4e.l u.o'1 J 4jt_mljll Ci'qj Jill dll 3 dll jjgVlll jpe 

i > 

jVill Judd .silicon-controlled rectifier SCR 
4d dul£ I ■a’n-N j ijjlJL/l ojlja. J jl taeldaV! odj J jl tdilfja-all J 

-2r,1 t-i**'.VI JdSI Jl 4 -si *s 

.1g -sll ^ U.OJ Lade- 0^)dLba ( JLaJI) JjjLSI J (jjadSLl IdJ jldSI (jl J3j 

i illli (_^L]|j t*Ll3 JdLaSI ^jL&SI ^3 Lai .JslIJ 0.7 t>» jdl 4jlc. (_giS-i.nll ^-aLaVI 

J Jl Jc. (JjdSI SjLujl J J"l jjtj (_£Jjd tgate <JIjJ -dll dlildal ^ Ja jpa 
J J Vlll Jc. AjiLal AjLL 11.3 (JfidSI (_£JJ -^Jall jLull Jd jdd Jl 

jA (JdJllI) J Jl Jc. <ilLda dlldad dlLLi JufaJ dc. SCR _ SL Lc-l S-TnuVI 

SCR —SI jJj Jdj^ u S—11.3 jSLilli .(v —V p sin cot Jja. 

dlLdd Sn'l I'J^jaSI l_1. .-i • j»jLa 4_SLa. La^djJaj (jLLLaj ILSj Ijjdj (jjd 

Jjj dildn i_i — 11.3 iJSLiSI c5^>Jj - ^,'jy ?SI JuSI 4jld dc. ajj.^qll J Jl 

dll djlll ^dJ (jl Jl jdld ^jLaSI JdSI (jl J) I Jaij . 90 J 0 Jklda 

llUdl (Jjj-o_jaSI jajlLaSI (J<\->SI Jl J faS3 Ax.1 Li'l. 1'1 \ ( Ld jjli tSCR SI 

t^JLaJI aii J .LliJj 180 _J ojdjxs <dad ^ 11.3 (J^dSI .'Aji-a 

5 = % <S 

CIjLiujLujI AijjJa <c. lira*u aiI lilj «. I Jis. JjIaJs J)^p 

•SCR 
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i{^OC = COT ^AaSI 4 jjI j ^ ? ^AiiSI jj^Sj Sa^ i Jl Lj_^j 13! 

I_J ^^JajujjJI ^)A~j>,«■«, II jLiill CajS (jC. jjjt'iSI liifLal 


1 rT/2 I 

/ avp =— /„ sin cotclt =- ! —(l + cos&>r) 

ave T ^ p In 


(10.3) 


<LU-<J! dike.! 4^ = 0 dull Ijj .AiLaJI cot ^ cr 

lSJ=- ‘Ca^JI (^Ja^jSI jUill <AJ3 (jAj ‘ I me =I p /ft 

_SI jiAil Vj jlii ^-aJ ^ i (X = 180° LaAic-j .1.3 aIaIxaSI ^ Ifljl-m IfraJ jVnul 

. J^SI J\ A^lkLoil SCR 



JlLuiV! (jJJj . jjj£jiuJL “U2 »<■*“a j»jiLa 4 jIjj l# 1c. AAJaa 3 jj■ -** uUu : 11.3 

. jjailill jLjjl JaaJI ^11 CaALall 3r.l Ul, ,.SH jjiliiJI jjlaj AjitSill 


SCR characteristics Aafl ^SVuty ^jIaSI ^ai 2.5.3 

.i»^CJLSax^uJI dsjj Aiij ‘SCR SI I—12.3 l M I iS^)i 

^aSI «.!j^JI (> ^La-all ^jjj&SVI ^Lu^SI -> cathode -Ll^j anode 
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(JSuaiil .A_lali .L^rai j ja jA ^ ju^aII SCR it A a \ A_£jLoa A -og a 

LaA c^aIaVI jLuil jJLlSl^ AaJ jt .A_ia jLilllj .Ifr^vlt allx*ra^ C_J — 12.3 

jaj) (Jj-^a aJL^. ^a ajjall ^a±j tA-ix-uiall AlLaJI »(Jx^nalt aJL^j jj-ajJI aJL^. 
^ii-o 50“5) jL}J A jJ*a n jjaj (jt ()*i tg <alt i* x^aAlt jA Ij^. (JjlxJa jl-JJ 
(ji j^Aj jLij jA^a aJL^. ^jj cJsiiii j jjait ajIjJI ^ (sale* j^t 

tjp jLuli t AJt-aJI till] ^ .ajjj^ll C 1 jLgjL<JI dll jjxgVI flVl SiC' ^J] Aj^juj Jj-aj 

jA iljJajt ^ j^Ldl ^-iS j^AJj .J^aa dllla]ja AjuJaJ ^j^Ldl ^^lc« JaAgJI V ac ig >lt 

breakover V h0 ^ v ac jj4^ tij aJjj JIa»U jjj 

jjjaJI Jail] j^j . ^CjUaljall ciliA Sale. ^jLuij ^jall) voltage 

a jIaj* it aJL jla]l j£l . lalja 2 jt 1 j^i Jt v ac A_iAa jiaaaJjj (_ix-^^]l a_!L^. ^Jj 

^ajj c^aa]l (Jjnaau \ xm«s j .AjI jJI jLjj A x>an (JIaxJjujI ^Sjlj SCR 51 ^aaJ 

A^U. Aaj C*u jh . al-Asu ^ aaJI Ax^an A- 5 La. jc. jlaiil £-Iaaj (J-L*a j aJI^ ajja]l 

jj£a]I Ajjj j)A ,\x k^xa jLjj Aa£I ja! ^ k^') SaA Vj AjIjjJI jt-JJ jt jaLoiI JJ 

holding I h Lj J» J»«ot C^ljOboj jLjj Aaj jt VJ .> jta-dl J^lt aSU> ^ AjjIj 

lajj Ua^ j .LjU. jLnll L 5 1 ^ ^tL^U (jjjjx-b jjUaI 100 ) current 
Sjt^Jt ^ U ^ jU. ^jL jt ^t tdliS tjLjsJlj ^UVI jUill 

AjIJ j (jt SCR it ^ A-LuiLxjjVI A-Oxdl jt • I^ Aaj 3 jjj-G Aj^tajU 

6«li^jll AijjkllJ . Jj-aj3l aJU. (jx^aall aJL^. jA A Wnt A "vVij jt j^-^ t JJ* x^a 
• / 1 2 ^iC*iAV I A-xua jjJ Ia ^Jj jLnll jiaja^j (jx^aail aJL^. Alai] 

Lx-cajl j^AJj .AjIjJI Sjlj ^ 6 jjx^aa djLxiajj JIaxILuiI ^jjjx^a" jA (Jjj 
lA.ajjj jlS IjJ (JjJaal jj^j i^ajaAll ^^a] (_^j^.t Jt^jujl djli dAjJa^j (JIajLLoiI 
jqVn ^^all jt j^ij .^^aJI diljLij la£l a jjx^qjt djlxJranSt jt ^a tJ^joil 

a^ja]I .AjjikA]! aJ^JJI ^ aJ jJ! ^ jUlt jA J\x x^a jt j^-^ 

RC c.ljb IjU^I (jAxlixxijj .tilJi j*^Vi jt j^-^J tt-AjjLc Ijj^Ij aj^.jA]l i A.j n^klt 
U 30 J 1 ^-x-aij) Ljjjla j^,ja ajIjj jjAliil 6.2 (JSjulil ^a j'n^tl ^ji]l 
Ail .^Jjjalt I JlA jA aic. SCR _ It C!jIaj\»*i c_jIj£j AjIxILlmVU 
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<11^. 5j!^j 1! ^aaj ^^j-ill ^a ^jLiii! I^jj La^ic« 

6^)1 J ^ 12.3 (J^>rt\l (_£^)J .LiLftC- ^)iu*all ^li^. ,\x x^a^ll ^ai^jj <jl ^Jj ^»Lill 

$ 

.^)aLous ^.a ciJ^}A-<i ^ ^ill^uSCR 



j»ji4 ajb (^) .^jLii! jLuilj j^'I ■*' (t _j) ,<U£ ^SViafl Ja j (i) :12.3 JUJI 


_^1 . <C-\ WntlVlj a£a1i 1I 6$li£ ^A A_iS ^£a!ia 1I a^iLall (JLa*JjoiV ^JOLiJ^)]| L_l_Luill 

LixjJaV i4_ilc. Jajl^JI -n" ^j-^ai4k 4_ii_J £-o <UjaiLaiJ-<i S^liHo <LojlLo IjLiJtliujI 

CjIc. 1 IVuuVl <11 a S^InA LgJ ^ic* *^j-^ c ' C 4-i.Ul 1 4.C.1 W Uul A-iLalLaul! <La jILgII 

^1] <Lg.iLg 1I ^C-UaJjaiVI JJfc (JJA ic-UailujI J-lJja A_ia ^Vlxt\l ^ jLgII LgI »6^).J 1^11 

^jiL^ll 4_ilc> ^»^aj <_£ ^11 4a_ 9-oll c. ^_^aj (j^ 1 31 4jl c^H3 ^1! c_flLjaj . 

^aj^aj (JLaxjjjJ ^jfLaS cc-Jjl^ ^jc. (-Laa .iaIj ^IaIAj J_iil! ^jL<JI 4_ia ^Vix>\l 

f jLdl (J^a ^ c__ilLu.ilI j c > ^ j*l\ 4aj-g 11 ^au-aj s.Liil ( ^a ^)l_£ll\ 4 _LgI£11 4aj-g11 
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*Jajj (, (jVl jl ^j l^lajj .4 _a3 

\ x&JA A.C-\ InunVl ^ic-Lja-oj . ^1! A^-UaJjoiVi 

(jj]c_a]\jj utricle . 4_L*l£ll (JLaxjjjJ 

(J^ll jl^jc. ^gjc- cJaj^-aj Jj* ..T.C j AjI jj) ejljJaVI A2£/lj _jA 

a-lui ^gi ^**“''1 £jLi jJhj tl—ljlHall jLull ^gi ^<ujjJ (l — 12.3 

^gi ^ l _gij ot'u-bYI 


5.3 Jtidl 


Ja)j 10 AjE-UaiLJ o^jILall tJal_j]lj Sj-lLo c4r,l Ww.iVI i_j 

CllliLa J^iAl t l->n,'i"'U^ 12.3 JSaIoII ^3 la3j Al3 AJ3 

. LjliLa Jal j3 1 17 l ^ Y > 4_alc. AjjIjj^S a£j^i Jai. £-a A] ^ r -J-”> - ( »2 21 

. 11.3 Jlill ^ a£^I jUIIj j*aJI JliiL a^UJI Ac Ua^VI 


0 ( 3 ^ jIjaLuiIj ^1 jjj ^ 2 lj t^jljJI j^glc. (jilioll ^ 5 jj 2 I ,ig- n '1 iS^ji 

<_gi jlfall lasj jlij jjj^> JJ tUjjaj 180 Jl j 2 tA^jJ 90 a^. jJ 

_J Cj^tSlI (JLlVlsJI (_ 3 ^l_^all Jlnill jLjjII ^gjaauj j i_J j I— 1 1.3 (JlSLiVI 

:(1.3 JH2I aLU^II jU) 

J 1 rT/ 2 , |l rx . I 

— ! (/p sin cot ) dt = y — J a (7 p sin cot ) d cot 


I„ , or sin 2or 

—. 1 -+- 

2\n 2 k 


^}^jJ A^_j^s i \. -n' jA_j2wJI *■" 1J*\ j& Aj3 ^8 Vl.o\l ^a_jLa]l l 

^ya (Jjj^'31 AiLoJ! ojljjtJI ^g2 LlLaatlLjl Jial . ^Ajjlj T ^jl2LttJ OJO^ 



P Ac. Ilalm ^l t_$jLuijj . coT = 2n j cot = or cot j>2=tSI ajjI j Jl t 

J P = I ~ ms P —i 10 AiLcjlLo (JIaaJ! ^jVI 
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liifLu 4jLull V i) J) I• P = V rms /R —i 

'. J ‘^C.UaJjai'^n (jC. j =V 'p R (JLaaioil 


P =/!./? 


(V, /2) 


, or sin 2or 

1-+- 

n 2 n 


"11.3 (JfLill AILs^ ^3 A^a. violt 4x3 j-TnuVt (_£jLolj 

:(or = 0 (JjSj La-iic.) 


P = [(ll7V2 V ) / / / 2 ‘yiOQ = 684.45 W 

IaA^C^ C_J—11.3 (JSuaill AJL^. ^^3 ^a^LaII <C*lJa.UjjVI (J jLojjj 

:(a = 7r/2 

P = (ll7V2v)/2 ~ j\ 0 Q. (X-a/ji) = 6844.5V 2 /l0 Q (1/2) =342.23W 

(^GC ~ 7T IaAIc^ p-11.3 iJSLuiIl aJL^. ^ Ac>\J^ lUjjV 1 ^jLajj 

^)jAi Ia.Vi* 3 .(JIi1a]I 11a J^aiuil Lijl Ja^V . 

(jjJA (Ja^JI ^)LjJ (jV / rms (JUtill ^)Lull L_lLal^»J (JUIaII I ^A Ul 

^ic. (Jjx^a^dl j \ Ag-adlj $. LijISaLj .11.3 (jSxull ^^3 ^)-k^a 

• ^ 12.3 (J^-uJI sJj (JSjbull d*n^k 6 jLj »ig-> jV 

^jC- ^jLlil! L_a3jJJj (Jx*a3.\l a !\^. ^Jj ^^Ldl Jiliij Lgj tillj ^Ljajj (j£aJj 

Ag_ 2 >Jl 44_i3^)la ^ic- Jaig.jj Sjb pjy^ 6 4_i3 J J^aII 

(^\ u^I^^a'I ^^3 ^Lilll ^)j^)a U^J • Jjftll (JdA IaIaj wc£]^).^a\ 1 ^ic. JajlgJI 

tJal^S 1 4_ilc« ^-^1' 4«Ai3 g Vwia 1 4_1L^. ^j£a 1I Jlfljjl 

(Ja^II -n (Jjj ^Kxai' 1 ^1 Vtll (. lx,.ila LS^ 0 -l^.-Sk «\Ja» a ,Jai£ jj 

^ajl ^j^jls ^3 ^jAjJallA AiLaJ! CjLLoi^JI ^3 a 11 6^)Ljjj 

■ h =K /« 
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Summary 


6.3 


;^ jI a A^cj jj Jjl^o 3 (Jl.’hxn JjjLII LiELa 

.-laJj oLaLb ojj-oj3 JjjJI Lai ijjj&bajVI LLi jlii]l JljfaJI jjaJ 

jUII ^-gLcVI jl.iA.lVI jJ JIj/J cAJULall 6 ^)J)i.^\I 6 1a ^3j 

^ )^)-Oj V ^ XAl^Jt W jlj AJlV I li JjjLH (jl (jjA C5^ 6 (J Jta<a J (Jl alkali^ 

(j-ajJaluS JjJalll <ixSlj ^)J^VI ^O^-dll Lai .^(J-k^a3 <1 La ^3 (JIAj-oII^ ^jLnll 
jl <aI jVI > LLiaI 0.7 — 0.6 6_jl«^-a LlcLoI ~n i jja 

• (J jk-a J <11 a ^3 J^.Jl U-J^ l^aUA Idlj JigAll ILa i ^ ^jjjLqjJI j^o£ 

• (Jja-a^ll j (J-k-aall ^La jjJJ (JUjjiV I 4s^ _jjoi ^g3 ^A-algll A jx^aLaJI Lai 

. (Jsl jl A-ljlj ^jLill <11^ j-a j)^£j (jl (J^ddll *^*^-*1 (j^-aJj 

6^jLuJ jAaj ^^ic- j-0*J dljlj algA 4_ljjjj£]yi fijgA.VI ^tlAJ 

<s s •* 

J^jLII (JLodjaal Laiajl j£-oJ <jl V] .aJLiaII 4j.lillll SalAj 4-j^)Ua-\3l ^).i*Wij 

dVLoJtJjujI ^a! j-a -IaIj I^Aj tl^-oJjaus 4 \x y j L_JjliLoll ^)Lnll 
6«lgJ <Jal*J SalAj <jjjjj£JVI dal jjg y\W JS (_£jjaj 111 . JjjLII 

j£-oJj »1^)^ Uxiacj LoC-lj 4 \xy\ ^ajL<JI algAall Jj AiLa^aj <-og-all 

<11aJI ^3j 6<Lal£ <A ja ^a^iLa jl 6<A ja L Vx-Vi (j^Li (jl ^JjLoll 

jjj JJjj <Jajail^J >11 ^jhVa j)£-0Jj .6^liS ^^lc-1 (jj£j 

jlau j\ cCIijIj ^1 dljU qa A-uil.xuaJI pl^a.VI 

.AjjL^£jl A^UllI djl^jilll 4j\ ~\'\ X til ^)-Qjjaba]l Ajaldll 0-1^. J aig^. 

ss * 

jjjiu Jlli AiLal j)-aj l4^. 3-<JI (Jj^-ujJ dll^jlj ^3 \ »^njl dlj(J-A*jxjjjj 
C-l^^.1 <11 jj 4j^1\ 4 x^a3 jl ^aJjauall 6 ^)LujVI AgSk la 

.AjUxdll jl <j^ 1*JI 6^)LiVI 


• UJ^L^IL <j 3 1 d La jLa 4 \» x I Aid jL-lsu J_jjill ^ic. Llldj t 


j^-l 
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6jLi! A-Jj ClAbJal ^A A_i3 ^^1 ia3! ^jSa]I ^jj 

^La]! ^jLiil! ^L2kiJI t^llj ^ic. Aaj^Ia 

^j£a]| 11a CIiVIaxJjujI £_uoj! Ia! . (Ja^JI ^Lq.V^a!! AcAJflLUdVI ^)!.^L<i ^3 

6«lud (_5^J ^aIuiaII jlill! dll£^p*A ^gk £J^uJ! ^S.Vlll ^a IjLaojl 
^Jj (Jjuai (jl djLajfLa]! CjI^LuI ^j^aj t Ajc»\ u^a,Sl ClAiniajJ! .Se-LjaV! 

. <c*l Wi > mV 1 qa jjjHaj ^Vn <jl I^j^ajj cCjIjjxoVI c_flVI 


Problems 


(JjLutA 


^ ^a1! C Qx«o‘i ^4 llax ) ^il! ^aLaaI! jIjj L_U^I .1 

tljjLiLc JaJ^a 120 (JUtil! ^ ^ ^jLolj .1-2.3 cJ^>^\l 

./? L = 15 0 £2 (Ja^J! a^jILq 


4_1L^. ^ ^j\ 20 (_^jLajj 4) A! .ill AjajULo 6«ljJ.l (JaxIIuiJ .2 
JLtall 0 .lg_2k UA (JA ^ajl 1 i ^AAjULo (_)a^. 4j«l*j 4_i*J A_2k.^A 

. i^JjIjja Jal jk 1 10 jLuij 


.jUll Jlk* (!) 

^aIuiaI! Ja^J! ^Lil (.-j) 
.Jlxil! JasJ! ^)Ljj (cj) 


.aJSII 4^lkU (dj) 

(i) 676.2mA (cd) 1 48.5mA (^) .152.5mA (!) :^/jlJ/ 

• 5.92W 


j^aI! aJaI^II 4.^. jaII ^^a a ^ill ^aLaa!! ^^^J! j * 


.3 
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j IjjliLo 120 ^-2k (_^jLujj . I — 3.3 

.R l = 150Q 
.0.72 A 

^ajl 20 1 g lA C<L<i jULa dj|jjj3 AjuJ ^LaxJjaiA aIjLuiII aILolaII . 4 

.aLoISII ^^Iia 

_J 7? l = 2kQ (Ja^. 4_9j£a £»a 4_^.ja C. Qx*Vl ^ajLo .5 

^jLolI ^21 6<LgIj2I ASuxaIIj (Jjax3^a ^a^L2l (jl . I^)a!Loia 40 

a Jiml60 ^jLoijj J2^a 120 (Jljtiil 

CjU.jaull ^ Juj)j V c**ij^ i 4 fr^l Aju ujJ (Jj)*\a'I Clilil J«lc. Aj_ujj c > Um^I 

. ^AJjuJaII .lg-^21 (JA % 1 ^ic. 

• C =833mF =4.24 

.<1aI£ a ^. ja ^a^L2 l_j' 4.3 (JSa2I ^2.3 (JI!1a]I ^IJ .6 

^puJjj ^21 / d Jj22l jLijj (cJat2I -^-^2 JjLaa^ Vq ^-uijlj 

. n (j-^ JaVI (_ 5 ic> (_£«^a C5^ 6 ^ij£-2l 

|—3.3 (J&julll ^jjia\I aIaISII a_^.jaII ^^ .7 

.Jal^3 0.7 (_£jLoiJ ^^aLaI 2'j^tA-JUlA CjbjjJ laJa^jiA 
.Jal^a 120 L-j jl Vi a 11 (J^.21 .^.S a aj^II 

.J2ja 168.5 :Uj±JI 

Ai 1a jULa Ja^. 4^Jjuj^)J 4_9j£a £a <41aI£ ^a ^a^&A ^ Jnat j .8 

(_£jLol! C1jL^.^)*j £a J2j2 100 cijkaiJ I ja1x. u a 1^-^. R l =1.5 k£2 

(_LasJ i^A^.Jl &a •ijj g n^il) J2 Cjbjjlll .ia.1 (jl (jJaljlislj .%2 

.<jL^.^)*j '^ -n J ^_!_l ^ASj i _ a J_ ^111 j^'n.ix'll ~ig -\W 
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Alxa jlLa tjxia. 5.3 (JSLail! ^^3 A fn.ail ,1g aII l_ac.Li=us Sjli j .9 

i— ij\ n<«il tjiil! *ig a 1 <Jl*ilt <-aaall (jl (_pal jjsIj . R = lkt2 

(jjj ig al l (jialiaj! (jlj 60 I_$J Lull aiijJ (jlj tialjS 120 

(.aim oil ^ __>aJI ig a AajS % 10 2>° J^l (j_j£Li <j' i. laj (j's ui ^"nJ-in 

. “Lajlill! A q'i5 ^ 11 A»-ml AajS ^)i_mal ' '^. 


. 41.7mF :cj/juJ/ 

(J^mll 4 ni.aH 'ijlil Vg ^^ail A a j (J-ljalll (jAl . .^a juaijl -10 

Vi=3V u'j v =10 sin cot Jail! i$a. J -' _ 6.3 

.y 2 =0j 

ii_J — 9.3 Jliill (_g3 Ajjjball Ja-aalt ojli ^3 V = 5 V (jl (_>ialjl3Ll .11 
•v =2sin cot Jail! uj^ v o C 

• —5 V A J*aVi\l 1 l t—jl 

. 4 V L-JjllLo ^ 1 bj)\ J .12 

i 7.3 (JfLuJt A n wall Ajliljn^VI AjjLLaSI SjU 1 lnu*n iLi^au .13 

.* 

.<Lalc. <j '.'ill s^.j oj~^ 1 <nja 5mA Ajj2o ^Liij aj^! 3—>^1' ^ja .~.n 
jllgjl ig a (_£jLoiJ 1 1 10.3 J5mll ^g3 ^jLxall ig all ^iVl.n J.«»."u»n .14 

-lie- R L = 1000 Q J-aa l _ s ^- (jilaal! igal l ^ -nlVnl t 20 V Aj 3 jj j ijji 
till jSjjj i R s j -raj LajSj .V =30V (Ja.il! ig-a (JjLoiJ .JaljS 20 
.(— l l mal lj Ajla.V' (Jlc ?jllaJ LaglU .^jl 1000 J 100 : jliajS 

. pJ t 100 :^/juJ/ 

(Jalj9 100 !—10.3 (JSjill (ji jjxall jjj ijji ji^-j! i^-a -15 

(_^jLoLj Ajiilil! ig ~s j! (_)ia!jj3lj . ^liol ^ lj<t 20 ajljj ^jLolIj 
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6^1^11 4-LajJa /? L <LajULo 4_aj3 (JL^-g 150 

Lo^ic« Jal^3 100 (_5 jLolJ (J-o^JI ^lc- fj )\)^ia ^ ^^lc« 

.R s = 1.5kQ 

a* u bait SCR_51 4^SVill ojlj (j.o'Sj L<u3 .16 

jj>S]I Ajjljj ;i? L =20Qj V, = 100V M ‘£-12.3 
. ^ jll MjC-UaJjail j ^^Jajoijll (J.n~v\l jLlj l _ hu*J . — 71 — OC — 120 

Jalj 100.6 *j*J 1.19 :^/juJ/ 

_ II oJ^IaII 4x3 In’nuVI -2.1s. 116 ^JLlaaII ^^3 oLLuuall ^>js]I (JL<mJjuAj .17 

..la]j3 1.5 _jll 4lLa. ^gi 4j3^1a ^^Ic. 4g -vll (jj£Li b.3jc. SCR 
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AiaUll t dlj jIujJjI jailj dlJjjtill 

Semiconductor Diodes and Transistors 


Introduction 


^ 1.4 


^lill Ajjljjji]! J^-^l (J.x^aq.11 ^9 djl«ijjdl 1 iLaadujjl 

A 

(j-a! ^2kJ djLajjJaj]! ^9 L_J J^jdl Idfcj . \g ^ 

tj ?\II (Jj-ldll A-llUl (Jjdjll dc. Lada ^_al (Jl«da 

Ldajl ^-OjoL^ J)Lj^dV 1 llnl jl c(4_ijlj ^lj ^Jtdaj (JJ>daC> ^9 

3 j* 0.7-0.6 jL-*ij ^dl (contact potential <jAdll 

Ia^. 9 ^-daJ9J j 6^/2 j unction J5tj <*■ Vwi'l <L-aj 4j| ^joiLail ^-Ic- 9 jjdl 

<Mdl l d jdl ^ hole j cj\j LiajjLajjI 

jjlojjjljjJI c j£oJI ^ jl dlli Jj ^-ildaj .semiconductor 

l$jL AJaLuUJ Lg_9^)*j ( Jalj L Q wVl 4-Loaj 4_jl JjjJ (J£ LiLolc« !ij (jdxdLda 

£ jill (j-^ 4dldlj ^^ill (3^ haAl^^J t^jjjlalj c. 9x*Vi <L-^j 

.dll jjlaijjljdlj diljjjdl ^d Ljjjda <Laajll fijiA ^9 ^)dxj Id .^lJLJI 


jjllUl (JafS (j-a cJ^^j *. <»*Vi ^ VN^all ^-^ill ^ill o-iLall <jl ^Lill ^JaLoll djjj) 

A. i^. j-q 4W tti I j ' <lxau <_s^ III At- j«a-N,a\l dj|^)^j L-ijdail <Jj.wJI C>-° IV 4-C- j.a'N.all^ 

L_Jjjaui (jjSjLu C > ill ku\\ jjll qa ^oll e^Lail Lai .Uaj ^^-aj-uJ (p ^a^ll ^jlj A_Lajoall diil LiA L)^j) 
. dlljj^)j£Jyi (_gA (pi c > \W ttill Ajda diil LiA ^j) ^dLuj MW fa |j IjjjAi ^IsL A \x y~) V ‘Lc.^a^-all ^_^a djl^jij 
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uiLua^ (jk CjUjjjUVI j lj jiiSL jlul\ JU 2.4 

Hole and Electron Conduction in Semiconductors 


Intrinsic semiconductors 


JS 1 Jill uil^i 1 . 2.4 


IV 4-C- ^ClUA j ^ 

tiljLiill ^-ikiu^ Sjj J£ Cul£ !ili .valence ciiUjjjilj 4 J 

<Lol£ dl^Jj-sal 66jjL^-a1I Cllljill AuSLjal AjuJ 

l sja • ' J)\ Jzl ■ mI ^j!i£l La ILAj 6^8 (_£jLuU (_£^) I 

&L& cjljjja£JVI t^Lul^Ti .ajjjIJI jjfLiLJI aSjxoI jLuVI ^LLj l^.jj-aj l — 1.4 

Ijlajj .(AfTjLLo CiUjjjSlI) covalent bond ajjsISj - l kL VI sjjiill 4-mll 

‘CjaU^all Jil jjl! a 'qL^Vil (jjSj jl ^ijjj 4<^iuJI Cllljj j»^c- 

■L^^p £Aijj La-lic. j - 4 i >iQo. '.nil sjl^iJI CjL^^p Aic. ^LxS A ' j ■ " ^s^J L 4 \. 1 ‘ (Jsl_jj 
( _ S J] lillL J ‘W^J_P £-Caljx |J_J^. 4_ljjL]l Pjljj jljid .V.Ual to Jj^ 

ijjl^p. ..Vic-J -~v''ljjjj^JI j<sJ t<jj3lSill Jajlj^jll ^_paatJ 

^jLujj (JjIauj ^Jc. . Uaui (jl£ ^jlj cIjj^j ililj jl±jc.l 

ajlj^ 4-^.^p Ale- QjfLiLaJ! ^3 dilj 3^3^ 

Jj£jj Iaaj .(Ljajl c-jjijll ^ ^ £*) n i — 1.5 10 16 electron/m 3 

. L_1x£-a 31 ^3 5 • 10 28 dll^p <j^LLo (JdljJa 

^J| (j-a 

<C. j u^nxt'l >M1 t—flL ' $ wig i A-b^aL^Jl ai&j . JjJa3l (JsU 

Sjluj ^lijJ c_a3 jj ^3 lil c _a\ nVtl 


4djl^)ill " jljpAl" <5Ua ^ ]n3r"i t^jLojaul^J l^3j3 . W <5Uall T ^nar'i ^ 

AS^ylxlU j-« l)_?^ _ji^jln“u>n ^il\ cAj^jIall A^n"n Ax*m^JI 

. k = 1.38-10" 23 joules/kelvin (jj^j ji ^4^ ja k j -W -kT 
^iaJI cJSUll Ajlalj (jjj (Jiljill uiU-aj! A_jlaU .(Jiilj^ <. ^^>‘1 Ajajou CjjI Ua 3 

^jLouj t (j — 5.7 • 10 7 S/m AalaU ^jLuijj 4 (j = 4*10 S/m A^lalj <_£jLou) 

.( O' = 210 13 S/m tj^LujJjlc. Aalalj 
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liili ilR Aj^I j-'- ’I Cjlc.LljJall -}l.ljjj b j! 11 A^,^p £-lajjl jLii]l 

•(»J t5^ ^ j] 



AiuiLala (111 j jil JSU1I i j^jiiioiU ^Uali'jfl sJjlu^l Ajj^jLJI AjjJl ^jj (i) : 1.4 JLuJI 
u^u ( 2 ) 11 £jill tjr* dilj li i_ijm f(-ij .AjSjLSuII jilSjll Jaj) jjj bui 

• LjSj jIjj p £^ill ililjij 


<Jxl_j 2 »Jj CjU Jajll jl 4 laa^\ .all j j j' ll \a a 

JJ^"'.'J) j J ‘ ‘'^ '.'. Lo-ijc. Ig.Va .1^1 j]| Lijj ^gjll j lijij iAjs. j-all Aja^ill 


jl (_jl •((jjJJ^Vtj L_jiill £jj jJjSlu ajAUa ^j) (jjj^j 

jVq(jl jjL^a J^jI j jlu&l jx j j j jl£iy (jiajj . liii i- tl-Nij j j jl5NI 

( 4 jj All jL) a^)&Lia]| aiA jjiJ jl£x ^5 ^pj Ijij ' oIa. ^j 0L1I lilLa (_lij]l 

JxC. (Jxxjj L_iaa]l (Jiijjj li] .(aji £-a j»LajJajVI (_gij aJjail jx jjjiSWIj 

77 . CiU jj'i^NI j^ji IjjSi .lal . jUialix aJj£ a] i a.i-njx a ,* (_ji «.(_£ j^. 

jl tAj^iJI 0 jl j_a>. AppjA ' V- aJ jLoix p. pjjiiil] jj£ji aAjILj (AJLLu>]I o^)ai]l 


.o^Ull ^ (^nLJ 4 Jj£3I Jw^jj jA p. j i/7. = p. (jl 
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^3 ^ j! Ac. I ±k*a M*\ L_fl^ui tl-Lc£ ^j^fLiluJI AjIsU Jj.wM 

Ax \ ksi C. .S^LoIt A 3^3*1 ^\ ^ic. (JJflais ^Aj t7.1 aI^IxaII 

Asli^j E ^Ij^^II JiaJI (j-a djlilj£ <jt L_i^j tA J*iVi\l ^k 

si hx -all 4 R = p(l /A) A-ajUL&JI liLaxiuJ lij ./ j V” (j-G «/ 
ojlx.Uj .V = 7? / = p(l/A)I LS ^ UL^. fJ l jjjIS ^ t6.1 Ablx^II gi 
j! ^j£-aJ V / / = p (I j A) aI^Ixa]! ^^Ic. aI^IxaII a^A J j.1^. <■. 1J 
S^pLa ^)Lnll A31 j£ ^A */ J i^Lol] ^A E S«l^.j . E — p J Axjx^allj l_u£j 


I JLgjLLojV! AjuLuJI A J*aVi\l bj)\ic> AS^lxll 6AA ^JaxjJ 


J = oE 


(1.4) 


. <J = \jP (_$\ cAje.jill “LajlLalt (_1 jiLa (7 <JC.jj]| <Jalill JiLaJ l^jaJ 

(3* <ajlLa jjJslLa 4 jy .11 Jaljill i—sL^ajl ajc. jilt 4_JaUll (jc. j..u».ill (jVI jjfLajj 
4 i*". > : »i (_£ jLau) (JxAiaJI 4 WJ', j c/7 (J^l^aJI 4jl!i£i (JajS 

:^%a t// J^UJI mobility i(<? = 1.6-10~ I9 C jjjj£WI 


J =e(n i ju n +p t jU p )E (2.4) 

t P n = 0.135 rrr/V ■ s jjljUl ^ 4. ml's <21 cAjjjjSiyi 4 j£j^. ^jLou 
i_jja!ill AiSi^p. (jl jj-aj . p^ = 0.0.048 rrr/v • s <—ij£ilt 4_iSaj5>. ^jLoijj 

i_mll aJjS (jl Jj tilli t jj£jL2l dJj ^jLiaij 

. j)j jliSJV I aJSj£ jj^a jj£l AjslfLall 


1.4 Jlidl 

300) 4i^>ill ojl^a. 4^c.j.l .lac. Si (_y3l >^i" Ajc-^jill Ajlalill 

•(t j& 

V^l jjfLUl ^ n. = p. =1.5-10 16 J Jj ' 
a = e n. ( p n +p p ) = 1.6 • 10' 19 • 1.5 • 10 16 (0.135 + 0.048) = 4.4 ■ 10 4 S/m 
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Jji li* 



(jjLiL all {jk CiUjjjiWI j i_jjSjIIj jLull Ji2 :2.4 JLuJI 


(jjj jjSLjLaJI j^a 4jtJa3 . (j_jfLllm]l ^3 i_Jj3j]I Jlajjl 2.4 (J^u’iill (jjj 

jjjj (JjLa. UJ^J ^ . V (jjdjJ 4 -JjUaJ ’V (jjljja. »u jiMj (jjlikjai-a 

^^3 jjij 33 (jl (j3aj!i3l . jLaull Jl (jjxsjll (3"° 4-&l-?“-jl (jj'W_4>.oll 


1ql~s. -a A tilL ^1) ^jSSJ i_ Sjjji 3j3jc. . 4jt^.^a]| 4_a*jL^all jpa t—ljiillj jjfajlmjl 

(jl A -sjVill j . gjl.. j ^. a£.^ jjLa^o -Lajl j jpa 3 j3*j j j 4_ii| Laj 

Jl c_Jj£ill 4^4u=>.^all A ■Njqn^ill olajlj^ (j^Ajll tllljj jj^IV I 

AjjUalll 4 jsI£ AiUa “LaJ did 3 La jlij (jS^Jjj . (“LlSLaill <aaijL*aSI oUdli) jLuull 


(jjj V j>^ll (JJ3 dl£U 


Extrinsic semiconductors ‘ il2.2.4 

£joi! j ^jAjJra t<Uslj ojLol _jjU*j ^Jc- 

^)j]l J JJjj Lg_Lo 4 6 .^jq<o\i diLlnlaj]! (j-a ^-11 S^JjujLlo 6 2ui£]l (j - 0 

A-iIaC. i‘*nnjl iL^ia ^Aj t4 n^s**n ^A JSU l. q^a.iS A-iC.jJI 4_ilali]l Sjljj 

(JSU! t— A-ilsLil! S^Lj^j ^ 5 -^ (JjJafil ^A ^jll AAJ^)ja]l Lol . A^LjaIuuj Vj 

L_uljjal3l (ftjlc. (jjjXa 10 -1 Ajjalbj AjjLoi Clllji AiLjaL <UjlA SjLj j 

^jVI .Iojju d^Lall >/v\ u' J] IjJajj .ajsU^SI ajjjIJI a-u 2' (jSj (dopents 
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( jA ejiu'il lillij 4i_j jjolo 4iL Jslill 1- <1 Jk-3 i- 4L_uljLall jliia I IiLaJC-t 
(jx (jjSj JSJ .4jiL-all ‘LijjLII 4_iiJl l ^c- 4,wVil;-a-s i&iau (_$il I a til (Jaliil i- <1 ^ \ 

. a_jjl j^j aixJ AjC-jill *LajLLall (j^nkil J-lix-all i—jjjaill jl aLe j (jl ‘^^tLall 

$djU 3 j><&\ cA* J3lJill uiL-ail 3.2.4 

n-type semiconductors 

liL. a a) j . hV'Vl 4_lllc. ajjfLla A^u'i) J£jiu ^Jlc. Cllljj i _ 1 Li > .-i’ 

ilijj) aijjLa..a “Lijljj&l 4£ija>j V] IgJ ^.auU Lf a-lj.lL (Jjii “Lilli £jJaljxs ^2 l^i 

Ciljj (j>nr; (jc. (jV! I nJ-unml lili . Igijlji ^-aialjjs Jja. (ajtjaJI “L^jJ .lLi.ljli 

4^clijJ 4 jjiLaji) (_5.JJ-^' Jj-laJI tlP V At j-aj .alt (ji CiljLa 4a.ljlLa]t LU^- 1 '" 1 " 

t L-Vii ^1 donor impurities ajIwIII <_uljailli L^J Uijxj 4jljniaii 
iaaljjll Jla£V jjl^i Cilijjjflll “laljt (_£jjjo (J a*Ak aj (jl 4ili 45 (JjLpi J^LLil 

t ^UJt jjJ&VI La' .ajjLa^all jjSaLJI Clljj £-a <£jiluiA3l 4 jj31£j]I 

4_J— 1.4 JSojill iSji . ^Jllajgiill JSill Irxll.aj lj^ ^JU^ajS 4ajilll JaliajVI 

4 jLiill ,_£j 2 >l La-lic- (_$' 4(Jaill p.ljjl .n-type ajaJI Cljljjjjilyi Pali i_uljjai]l 

.A l-> i alt ^l') ja lj jal 1 q\-\ a ^^jujLaiJI Jalljll aji (jiallill j jja£lVI Pljaj 
a-La (jl Li-vL/) ^ (ji a VjV'l jjaL/l PHi <_ 5 ^j a J jLa-i “LuLi aji ^ya (jjjaSJI 
A i^l.a l£j2 d)Jg-la LM J 4llKj LL>q' a-llL^-a jjSl (j' *■. PJ Jiliit '—L-oj 
|aKL ll) (_3 -q1 ^.AKti'\ 4 a 1 >i‘ila]| eiiljjjjSJLU ^laall Jloj j . g xiLi-v’i 

eiilj <jjaLall Jit jilt t—at >^i it ^ ^luLjjjlt JaLSt aJ\ 4 majority carriers ^jilfeVt 

.e^aJI tliljj1 

t_j jaiilt jj> >^i jic. n ^_plt Ja' jLSI * aL-ajt ^2 t >>>jt 

.minority carriers (<i^i]l) J^lja. ^t (p ^jilt) ajaJI 

t g A g mt Lai .(JjljaJI Jl j!iAL/L <JJjlilt 4£jjiill tlltji iajljj j > a£jj Laiic- iljJJ 

1 

.AjlI Ic-LM J^t jaJl CliLal^joitj 4jjlLa Jjlaia j^i jLiill ts^ 
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a <—i.jSall ul 3 jSl jll\ < id 1.3 • 2.4 

p-type semiconductors 

3-a III Kz. 3-a dl 3AJ (Jj^aUI dl 3A (jdatJ 3C. AdaLdoaVL 
<IA$ \ ^-ad ^^lill 3AAjj t^Jlc. 63333^ (_£33^l C^Adl 

a! 3* cAjjilS cjlijj&S] ajX l^jfl a»>j 3 t (acceptor impurities 

JldV ajjsISj dU ajujI ‘‘L^.LaJI j .p-type £3^. L_1jSJ dll i 

.(jdUll Jajl^)ll <dj Lud tSjjLd-oJ! dljjjj^lVI ^1 33I JojIjj 

^jj^jj .AjjjLII a£jjoJI 3 AC. d^dj jl juiVn 4.1^. 3 * A W^i cddl! jldc-l 

Jid ^ 3d Iaaj^ JsLill l ix-Vi ^ic. ^^3ld Ag-Sk (3f^ LcAac« Lai a Iaa 

SjLall ^9 aIjLoII ^IdJI (J_jSjj I i] .ujjail tilled ^lc« J-oaj ^^Lall 3-ajd 

• A^nlc-VI (J-alj^JL ^^ad C(JjVI ^aLLall ^3 4 . 1 ^. 3 -0 dldd 3a 63d! L-^JaII dl-i 

,{j) ^ 3 ^ 11 ^ 63d! LA3&U dlA <dl3d! 2' — 1.4 Jld! 33A3 
l-J 3£]I dlA JSI jjl\ dLd! ^ 03d! dU 33 j£ 1 VI 3-a 3jd AAc- A^.3J 

.4_LoAV! ^aAC« 3 ldl C 5 ^ (J-al^d! &AA • A_ll3^I J-al 3 dlj ^-ajuaJ 63 d! 


Aj jAa!\ JS!jifl uid ^ dull 4.2.4 
Conduction in doped semiconductors 

3 <Lls j 4 ;S-it ^ ojj 10” SAc. N l_uI jAll lSj^4 

dll 1 J9. j H ( . (jJJXJilal) (jjjjSjdll I j/'^ l^Aj 4 l_i*Sa 3I jILall 

<3J Ijlijj .( n i = p { = 1.5 10 16 carrires/m 3 ) 4i>JI s J ja. d& j 


3jj£j Ijjy tlAj^j-a Id (J*Wj\ 3d LaAic. C_d]l <£3^, LuUJ 4(Jj3 L>° 4 j 1 ] U3AI Lol 

3 ° aldV IjjLua^ t_d Al 3 dj did aAA 3 ^ 3 ^ 4 -^ 

^‘i» x>\l ^A^Jj . 4 ^ 3 * 1 ! A W > 1)11 (_Lal3^. ^£3^, C t iumI 3UJ a-jAu 3^ LiA A-al^JI A L>Vi\l j .(Jslill (. ' < a>^>~i aALa 
^gi 4 -ale. ^aA*J Alii 3^332! A 3 j Ajlia-uillj 3LAH 3Lj32>. (Ji^aaj iLuu^a UJ^J 

.AjiA» a\\ Jal jjll aw >rA\ (_t a l3^. 3^ AjIj jpj£S)}\ 3I A-aUI 
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(JSLil! ^ ^ISJI ^^xl\ ^jli 6 6^)^ A-ijLaJI dil^ill ^jl 

U^UJ j& Nd uj c "u^ 6 72 — Nd ~^~wi ~Nd c£ jLuij ^<q^I S^Lall l_jjjouJI 

ciu^. 4 p — N a + Pi ~ N a ALISJI SjLJI ^k ^jLulij iCliLjjjfiDU 4jL»» a\\ UjIjLII 

(JSI_^]I t—si <LaLgJI as^IxI! Lai . dsUAijlall djljill ^j£jj jA N a uj 

^gk l_ij£3I ^axj CjLjjj^VI nc- ejjUa uj u' • np = nf AjjJi-al! 

j)LiVi Laj (jjliLJI j\^ diljuu^* 5 ^ UJ^' 

CjLjlabaj ^jLajau]^J UjLLL^J (j-aUaJJ 1 ^-jV l^jVLil ^j] C5^^) gLa 4jIc< 

^j^nVn c_fl ^juj L_ul j-ua]l ^Uj!Lai-a SjLj^j AjjIc-VI (J-al_^]l SjL^j ^jl ^A ^Ia^)JC.j 
^jLjjJ C_J_jjoi (_£j!luj-a 4_1L^. ^9 4^jj| .djLj^ll UiL £^a L_bajl_ila ^jlLLal A-ilsVI (J-al _^-II 

tji£ Jal Iaaj .(1.5-10 16 ) 2 /10 22 = 2.25-10 10 Jj aJ&I j£,js <10 22 

C_J_jjoLa]l (jj)^jL*)ll ^ ^j| ^j-a^ . ft. ^j«_llla]l (_}-a!^^J! U.jL jab0 £y a 


(Jsljll <- A_iC. _^l A_iislj]l jLujJ I Llj . (J^V ^ ^LLall ^9 L_1 jI J-^l (_5^j 

:ti £jill ui 


<T=e(nM.+PM,)-eN J fl, 


(3.4) 


:p ^jjll Jalill i ^gjl! lillj (_$jLjjj 


<7 = e(nfU n + Pj u )~eN aJ U„ 


(4.4) 


2.4 jim 

j_gjjjjoui Aic- i—ijjouillj i_j jJcxJI (jjfLAjoi]l AjlaU JAiw ^ 

ojLall qa i_i*£-o A-ajlia j!is^ (c_j) . 10 22 atoms/m 3 l 5 jU 

• 1 mm i_$ AjtLia ajjSjLall 

Aljla-aJI (_ 5 ^C' «-^-4J Ajc._jill 1 g"n\alj ^jLuU /7 ^_j-o ojLa ^^~i»J (I) 

:3.4 

a=eN dJ u n = (1.6■ 1(T 19 )(10 22 )(0.135) = 216 S/m 
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aJjIxaII ^Ic. a Lb 1 <_£jLub ^7 ^-^jill L>° obLa ^jJbjV! aalaauj 


:3.4 


O' = sN a jU = (1.6 ■ 10 19 )(10 22 )(0.048) = 76.8 S/m 


(jjjLa J ''L l—J_ftui-all (jjSaLoJI Ajlali (jl tillb ^ya ^ iXlJj 

(JULaJI alj^j Lai ls3j t (J =4.4-10 4 i_$ jLaij ^^Jill) ^glill (jj^jLull <jlaL 

.(1.4 


<^a p <j] cLu^. iR = p(ljA ) — j ^ajl 

jLuJI S^Loll (J^pa ^A / J Ajlslil! L_J^ 1 Lq^ 

.6^)iC. ^)Lpll 4_^.Laba ^A A J 6^-1 l^jLm-o 

!/2 (j- 0 oJLaII <-q jliLa (_£ jLolJ t (j-ij 


lR = (1/(216 S/m))(0.001m/(0.001m) 2 ) =4.6 Q 

oJLaII <jl tillj ^aJaluj ./? =12.9 Q »p (j-G ^jLaII 4-gjULg 

S^jjujLi-g ^-Sk-.n'i fijlAj ip Cljli tilL (JjJaSl Jslj ^A 72 dlli 

.L_3j£a]I Jjjij CliUjjJ^iyi 

(_£ jjjai-a A*J^ L_ul^jull! (j-a ^J\x j^all ^jl Jjjjaj gYl’utn 

^jLajj Jl dll^p AiUiij AjJJLg 1^. I^iiu-a IQ 22 3tOIIls/ni 3 L_Jjjuall 

4-£j^ (Jx=>Lj .<LIa 'ibLj Jalill <■ L^>'i Ajlali bjjj (jl (jSuu (10 28 atoms/m 3 
S^a 0.135/0.048 = 2.8 _j ajSj* t> j£\ ^ ^ .ejljjjStyl 

C1jLc«^)-uj dlli djLajjJaj]! <LJaa-G Yl jIj-g a 

Jr* 'Aju^LLg (j^ (Jiju^SaII (3^ Jl aJU! 

•Yipvi 4_i±lai]l ajjLjjJI <L-a^3! CjI jjloajp! jj j /t slja]! ^ 'I 
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pn 4-Luaj]|| JaUll i iuaj 4-luaj 3.4 

pn-Junction and the Diode-Junction and the Diode 

‘P t-A' 1 n>>>^ i 3.4 (JfLoil! i_s^ 

<' i_qt.oTl.n ptl 4lx*a j (jV! UlA (jj£j *—■ // cl^ 0 4jL-^ajj 

. lgj-a d'! w >v4l ^ jjj < i >jjui 

(j£Ld ^^ic. tiL^diU aAjIs jjc. jl <1 jIj diljj aJL±ui 1—3.4 ij£Ld]l 

jt I—jalj (jjaljla l$da (J£j ‘( — J (jJJjldyi ^ Jjl jAI) d:lljjjl 
l_i jSilt) jjjlLallj .A W /iilt AjjLia. ^^ic. JalaaJl UJ^ ily° ~ J ~^~) 

jliill Jld o^)=JI A '"\ i%\\ (J-al_j2k jjljAl ^jlA. (dlljjjj£JVi J 

(_3^J (j_Ai (j-0 SJ jSIUj (jj^. 

. A U ^i^]| ^ n.-i «.UjI I Jo. 'iio _jqn>i.a jjc- tl — 3.4 JSdill 

jjj]| Jlc dal W »a ^ jjj A-iSoxa I^j3 dkjj AL-a^3l ^^Ic. &^)^JI dl W x Villi 

J* 4v (C/m 3 ) Adadill Ail!i£ ^ W lA LiAXJJ^J Ijjj .l_j — 3.4 cJSjuJI jlnA^l 

tALlS aJLoj dljAlx-aj]l j)A Aja^II p aU^Ia]! ^ 2 $ Aaj J li,^^j (LJJjJa^ll (J jh 

jA £ 3^“ L5^ dlj^jVI fi^Aj ,A \]^ix a Aj^i ja dljjJ 1 g a a dj)Ul 

jA ^j^aII £_aa a1x_9j Ia jl Vj .A^^^JI ^xjJalid Vj Aj^jill A^JjaII 

d^)Jall ^Jc. Ai^ja dl W xVi jVI (_£ jj P 4<iJn ia\I ^9 L_J^2ill jV dl-l^d3l 

^)iia cilli C5^-5 4*^)^ ia\I oI^jIj V I^J jA ^)^VI 

jA _^>^.VI d^Iall ^aII AaILuJI dl W /till jA fl A 43-a ia\I dljj jj^lVI 

.4»‘ua Axj ^.^-d (Jj-dj ^5 dl W /till jjj ^A I^Aj . A U^a^ll 


oAa J*- Uj» x^-i j jA^J \jt-a ^jlijj A_uo^ 1 ji! 1 a 1I (."ll W ttill ,WTl LaAic. 

»La Ljj-« IpjjJa fljjdl! <S\JaH ^jdjj .S^U-aS 

^C-JL} j-JJ (> _g3 ^da^ll y* i jil (_£ Ij jl jl ^Jx>vn 1 cl^adjaba 1$. jjAs £aZl) 


.A L.-tj] 1 Ale. d_l^a!l]l j dll_lj^!l£JLU ^a!L-dl Aid'll 
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‘uls&VI jUj 

(wijajj CiUjjjill) 
10 jlu 
(mjS2j CiUjjjSII) 


jiluu '-•*•■»■ -• (u) <L-aj ._»£■ jfr* uu» jjfr a■"• l ■ * £ Jjj (i) :3.4 JSJiil 

^jLuu w '»‘21 J&mJ) iJJJJ j JiaJlj A *«■ ■ * B 4iU£ UjUIa-La ^a pn <lLdj 

.f-fj **j Jj^^a jjc. j ijjj <lLdj ^a jLuaj^l ^ jlu 


(JaaJI i_i — 3.4 JSjill a wnail 5ililS b K'n 




juLu , -jLl 
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jl tGaUSS yaji- jjitsl 4jL>i' gill A j.a 4-ilc. Ji-nVi (_ji]l E ^Lj^iUI 

4L_jjjJaall lasj X <fuai3la jlaLiVI Lins. ulE /dx =q v / £ y 

£-a ajiulsa A W tall LsliiL dlljjiu I—lxuliij t jij insLaxx^ idnUi jA £ j 

A Lill iilj£ jalSn £-a ^Inj^^ll (JasJI i_ ixxl Tn jl i ^li j^iHI JasJI ^‘i-n u (Jjixj 

\WjJi aLdiyi <_gi Ajyu i E jl l.' llxJ ^Lj^SJI JasJI . (i? °c j ‘ q v dx ) 

CllljjjVI VI A qLi '.all ^3 4ns.jxJI dllijjVI jpa j! t jl...,.-l]l ^Jl jj.a JII yaj X _3 

JasJI (jx£l*J 4“laaLn]l ojaall 1 'rN~iVu.il Lo£ 4 j j ,{j) A q 3— »~i \) ^3 i_JLai]l 
V] Igda is .jj V A_ila*y l <l£js. jj*jj ajj1c.VI iSjs aL-o_j]I ^gi ^bj^^UI 
dliC. 4 jin La j^gic-J . ('ll iH=Lujl ^ 4_)jaij p iiLLn&il ^ dllij jj£ 2I) JJa3l 
A\ ilc.y 1 jlii ^gA 4lxxa j]l ^3 dal jlii iaujl jVl Ini] ^ u.-i I ia3 ; a.vi» n jjxsVI 
i-lls^l jlii j tdllijjj^ll j i_J jii (j-a jjfLall (jLLiiyi jlii Ldaal tf au il ji]l) 

^JLLall j..A jxsj • dalj j jjSUI j 4_J J3a j^ jj^-all _SjsJI jlii ldaal ^g.xual ji]l^ 

4j| ^C-ja 4 All] Ida 4 _ nun 4_SjsJI jlii JLa&l 4j].a»]l diyisJI ,d'£* a ^ 1 Vl^-aJ 4jl 

. Jalill t. L.oi <ixmj LS ic- IjaiiSi ifrLuoj 


,1g -s'l (Jas. jl jjnfUl claljaij l.a ^gjlij^ll (JSaJI Kia dasli (_gjLj 

<_gic. yali ^ill E = —dV /dx :3.1 aJjU-J! j-a liiil .<Lxaj]l ^jL> LS Ac V 
jlj tAiLai«a3l £-a '1g •> II JJ»M 4_JLuiSI (Jia^all (JjLujI j^jLj^^SI (Jiaxll jl 

y Jlaiiyi [jj*. -ill jjJJ i^aJI Jii. jl ^iV'J I y jjiilj .{V = — JZ? dx 

(JUlijVI (3^ VI I^A Lcj ,Yl Aqjo^Jj p 

% 

_jl jt* Cljlj A qj-alaa ^JJ p 

UjI cilli ^a! ^A La (jSl .p <aJai-all i\a*i AJajail^J 

Jal^3 0.7 C^jLaiJ Vo 3^1 CjVI ^ 

(jl (3^^*^! cJ-^^l ^ ljU jI ^j-uLa^^J! Jalj3 0.2 j) jj^2l 

0.7 jjLxu iis.1 j] jl jxiLaj jj-aSj ^^-aLayi jl J ^ Lj 1 iJLa. ^3 4 a > .on ijlill 

.Llsli Jjjill ^ n^ij ^_g£ ajjLii ^AjlaJI ^^-aLayi jUpoVI i^ax ^gic. 4 _ i-nj ia]j3 
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(JLsJI (jc. ^a.U -nII (jl (jVI LauJalj ^ n .nl JiS (jj^J (jl i—tauj 

.depletion zone 6 4 u>,\A\ Aikult Ji 


(J-alS^aLa C_JjjJaill A.4^a o^jl “\a\\ 4.3.1a,.ball .1^.1 j 


4JLi3j 4_S^)tC' 4-^-i3j-a (Jj tilslj ^)JC. 4.a.lal < a ^1 l-l^Jj *&,J^]I 4 W /till 

ai& 4 ^ 4 ^!ill Clll.l^VI 4 jl (jVl *7Z J P u/,)Lll i t 43 -aj^al 

t^-aLal jLiaJl . jjluijjljillj JjjLII ^"lajlnj ^3 ^IjLa 4 alVixtll 

4K /till (J-al_^ 2 kJ 4jjJaxall 4Hala]l Jj^xj 43 -aLaVI J)1 'iVl .^.rt (jV ^IsL ^jjLII ^ u^nj 
4^IaLa]l 4 jV 4-^.j!iLa S jlj J] J^LII (Jj.^-}3 iLba^C. jLiaJ^I La-l^C. Lai tS^aJI 

l.ljJ-a fxSLi (jVl lic.^ .£juj jla 4 3Lii a II cilL 4 jj 4 _^l C(J-al_^aJI (j-a LjjJaj JjJj 4_ijJaj-all 

. (JJVllI 4j-a 


Forward bias y-Ufl JLaJit 1.3.4 

(Jj-aliJ c" n*s j pyi 4_L-aj ^3^)laJ Jal^3 I_& a ^_J^)LaJ I_lL«oj I jl 

(. * tln3 (Jj-aliJj c^L_l^j-a £-a (. > 4..\^a^ll (j-a p (. > vn j-all 4-j^)l In til L_J_la3 

4^3 (jjj-a Lai la3 j 6^l_i]Ljj £-a L_l]Lujj 4 \ >, <o^ll (j-a Yl c—fl^JalL c_l]Lai]l 4_j jl la til 

j-4.4 (PI 


UL-aj lij tjllttll 4Jjfj.ii (J^ ?jljJ P?l 4 U^>jll 4 JLojLLoiI ^ilajjaij 4JA I^JIjJI 4JI j—dl ^jJa 4^-aJ ^ 
jLjj jV iV • jA L_ll_f^Jlj ?j\jj (_L^ £a ^A-ojILo]I jl-aS Sjlj jl 

^ (jlxw^ljLLa 4jljLull 4 jI1a) i—ljfljll 4 _}lal (jC- ^xa.Uil jLjj 4^jLluJ i—Jj)C- 

4 _ilal (jc ^-Ull e_a^)aJI jLjj diljjja^IVl A.n.\ci (jc ^^Ull jLkiljVl jIjj 4_^jLaij 45^J • 

jA e_a^)aJl jLjj jl <jlij j| c_ia_i .jUj 4^! jLj}^ ^»^c .eliljjjJ^iyi 

c"il i*\ il\ 4 £>j^, jA jUiljVI jLjJ jl j^ 45^ jIaII AjI^VI c“ll i*\ >til <L-ajil 4_Ji^ (jc 

jAk-ailo 4jjjlc Ja!!)l!i^l aJI^J AjLjIa I^Aj) A,\^ajll ^^jia 4^ic AjIIsJI Ia jj£ljj i. _ m>n Alk-ajll ^jc Ajjllitll 

4 j-ol_^ 4^^] Vj Aii-ajll j_jjCj Ajoj^UlaII A W >m\I Ax<a ^)3 Vj .^^1 j 45^ »*>»j 4 jj^ 

|jlj .AL*ajll ^)JC Ai^a-iAlIj LjjI^)^ o^ljl«a]l AjlaVI (J-alj^ (jj^J^ 45 ^ Aj]I-*-II Ajjl^>aJI ASUall elali A_nlcVI 

• Alk-ajll ^i^)ia 4gic ^)l«a 3 ^uaj Vo AL*ajll (jaiLoJ jj-ft^l 4jj-aa_3 LaC 4JIjjaJI tiii£-al ciilllj £JJflJ 

li^)ia 4 JjoIa1i c" \ J 13 c ^ n>>iqH jl (jiajafll tA.L^aj]l jl-aS j-o V-lJ I^Ull _^jll 45^ ^>* 0 '^l 

. 1 g.-> 4 _^i£ 1 *Jj 4 ^jLulJ Vo 4 JjjLoj 11 ©41^ P^l 4.L*aj UjS J3 jj^j . jU^jliJl / 2 j p (jjjiialAH 

•J* Vj c A.ql*\.ll )nj^> m (J_jJa 45^ UJ - ^ '^'J^ ^ 1 ^ .A_Ax-aVI A.L^a ^1 
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M-uIfrVI jLj qaj tljjiiS AjjIc-VI jj^iLaSfl jUdVI JjJj (i) : 4.4 Jidl 

.Ja£2 / 0 AjlsSfl jlu ISjIj UIS (j" 9 (j <n ^»W jUaJVI '.'■'•''j j i-j) 

j\'.~' .' <i]aiall ^ dll j Jjjfllj J p <iLdall ^ Ljij AjjUaJI >■" n'q^ 

4 Jxl oJu j jd jll ji ^dliSI j ./?/? forward biasing gr-^Vl 

CLli^. p c_ijl^J! diljjjj^] L-^ajj /l L_ijUJI SjL j AjjLLoII iu>n £$1 j\\ ^ 

.L_Jj2ill ^ o^Ljj ^j^aklSI I^A 
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^jLojj (_£j]lj AJj-a^l ^j^aS \\ ^J1 AjLaJjail A 1 k «a^Il L_l^iLi]l j 1 ^)Ax vSi 

( jLiljl jLii) t_$jfi jlii 4 ^j"'' (_£^)^Jj .^L*-a A^JJJ (Vq —V uVI 

A_a 3L£ AjUa ^Ac* AjjliaA Aj^I )ajll CIiaIj La Aj^I L*nll j A_L-a_^1 ^ja AJj£a] 1 S^l jll 
cilL ^ja 6^)3 A W /jll (JaI^^. ^ja A-bJajA.ll A qlViA 11 pLjcJ (jj . jLiill IJA ^Ac. Jal 3^11 
cl 4.4 JLS11 (JA ^lajq^ll p^aJI c*l]j LWjJajl jSj cA-lslj A. 9.3a t a 1 g 1*^j (JaI_^- ll 
Jfj j .(A-ulUl! S^jjj-all^ ^)j-a2 dJjj (JjV! Sjjj-all) LjaLaI _j\ •s’iaII J jJjll 1 ‘i 1**1 a J* n*\ 

.pfl A L«a^31 (^jC* ^ —[>|— ^ J_^j j]l 3^-J ^lalq a!1 1 llA*‘*nnl 

(Jj-a 3 (J 1 Jja (Jaxj (_£ All i J jll Lgj aj ^ill A-IujLujV 1 A_ilV 1 6 JA 

t6^u£ A^-^j-udJ ^jjlAlaJl (JUlilVl JjJJH (j^Ajj .(Jj-a^ll A-lla. ^ 

J^a. ^Lj IajaC. jjIjj V A_ilaVI jljj (jl V] .A_ijlj jjLl3l A_±jj (j- 0 cJ3La. 

£-<JaaJ Ijjl^a. j3jjj ^lill AjIsVI (JaI _^A1 <*-Jai3 tA-L-a^l ( ^ic- fj)\ )aj V 

. A11.^i^ll ^ic* v—aj-N nj _1 Lxjj (j<^lj _jl jlj^)b ^jll) ( ^-L^.lj31 A.L*a^31 ^j^a^I 


Reverse bias 


Jla-ftl 2.3.4 


Jj-ajj cA_L-a^3l ^ja fl c_jjLaJI £a l_i^^a 3I Aj^jUaill L,..\Jaft (Jj«-aj (_£j^J 

jlxiLl ^ja jj^)a c^j ^s- 5- 4.4 cJ^jaII ^j ^p c_ijLaJI ^a l-iILoJI 1 ^ 

Jj^jj . A 1 jJ*> iaII A^JVball Ajtjojjj ^)aj cA-L^a^ll ^jC- L_J^2i]l j cJjljI 

^)a La I JA j t A U-a^Il Jjc« V () +V ©Ljj 3Lc«L^ ^)jjIaj3I ^jjaS ^joiSx]! J)L-)^jV 1 

(jjj aJjI^ A^LlIa Aak-biill J . Aj ilc»Vl (JaI^^JI ^IaI A^Uall ^^L^. ^lijjl 

AjIU. A q)a a Ajj ?JjUil ^A La .La^C- ^)Ljj V /I J p 

Jjaj (.**n*\ L_J — 4.4 J<;>m\ 1 ^JailSA ^9 cillj ^Jj J3j .o^)nil Aiauill JaI^^. ^ja 

,A^.Jl Ja 6^)1 J LjajAc* jUJaII J_^ijJI 
^ xm^*11 j ^aIaVI jLiaJ^l JjjjJall A-ilaVl ^)Lfj J 

. Jg >lLj A_i3 ^£^k*A (Jj«aj^ (Jj-^ 3 (JljjA (_^1 UHa IjjjJ ^7/| Alx-a^ll JluL^] 


(j o^u V : U^jll ^gic V ^aJI jl ^Jc. solid state physics <4-^1 aII^II 0*2 ' 

• Vq Cy* V jlail . ^>1 1 jl (W^j- 0 Vq —V <L-£ajll j^a, ^gijj lilj) Vq 
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CjJjUjJall jIjj (jl <Jj t4^.jjLa ojlj IujAc- jl^Lall Jjjill (_yul 

jliill Jlaj ^illj ^reverse saturation current 7 0 J-p 

Clul£ (jlj tP^J.W.0 4-QjlLa ^ jJI tfh 4 £j*JI <11^. ^31 

10 <_£jLoijj *1*^ Jjh>i 11a jIjjj .(^IA-gjVI Ajjj (j-o) 

i** ^1 a 3I ^A lAJ ^j AAk-all a^Aj . ^ 10 ^ j g/jL'll ^3 


j|jJjoi^jl ^)j3! j dllji^J^ll ^ aILaxJjujV ^ ^Ac. ^ k^n3<Q 


Rectifier equation ^ ji^il 4-bl*-a 3.3.4 

cilia ipn AL-a_^l ^3 ^)Ijj13 A_ia£ aS^Ic- ^l^)VnuV (Jj^aL^. <jVI L\s^..u*ol ^i3 
^jIjj <L-a^3l ^C- (.^ xn^y '1 J)1 j^k 'iVl AJL^. ^ . ^jj!l3l AS^jlj <3j^)jl-<AI AS^laJI 

(J-J ^jIjj ^juAxll J)1 j^k ‘tVl ^k J 0 ^_ui£*J! ^JjoliSI ^)\jj _^A Jjlxia 

I_J ^_uj£j*JI ^Jjoli]I ^)Ijj ^ Ai*j 6 UaSjj .^jlj^)^JI ^ja A_nic-Vl 

I 0 = K exp(-eV 0 /kT ) 


^jLajouI^j cIuIj ^a h j ia\x«qj! 3 ^xj.i.v^\1 (JSjuJ! i-oAxj dulij ^a K (j] < "y^ 

jUi QjSjs t4# -l.Vl jU^VI aju ^a U .A: = 1.38 1(T 23 J/K cSjL-yj 

: j (jLajouijj (jjjla] lijj ^.4 *; a 'i.liaiJ t/Q L-ula. ^Ij ji juU' iV 1 


I d =Kcxp(~e(y o -V )/kT) 

* ^ 1511 41 > ^i^ll jtjj ^ jLluj lilj t(jLui£l*ILa i_sj^JI jIjjj jl . : .'Vi v j I jIjj i _j£J 

7 =4 -7 0 =Ke~ eV ° /kT (e eV/kT -1) =I 0 (e eV/kT -1) (5.4) 

CjUJJ jilVI // 7 l_Jjaliil jljj ^ / i _ s ASll A j^lJJ ^jLujJj 

(Jjfjoi j^gic. .5.4 “UjiIxxJI (jaii U^a I e j 7/j liSjU^i .7 =7 /( +7 e ^7^ 

l5> jIjjj i_j j£]l jUiiajl jIjj (jjj ^jal! 1_Jjaiill jlij ^jLuli tJULail 

• J e =I e,d - J e,0 ^ cSMiJ ‘/ft = I h ,d ~ 1 h ,0 

Ai^)i]t ojl^v iic. OV! 4ijLmJI fL^a&luil \ Vll5xilj 
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k‘ B jnj te/kT = 40 V~' (jj^j .(T = 68°F = 20°C = 293K) grjl^ 

I^r..iA*q*.i\ 5.4 aJ^I*-a]I 


/=/ 0 (e 40v -l) (6.4) 

La-lic. t A 1 >.o^11 ^gjc. ^g-ajLa. ,1g ^ (JJiiaj jjjj 4 (JjJjoi ^jlc. 

La-iic. (_gl t^m8»I' jLpuVI aJUx ja 13a j il =0 (jl .laj iV —0 

Ijj!i£ jij-ol i_g^\ -iaJI <jV 4 / ~ —7 0 Jj 6.4 “UjIxaII JjlLj t y <0 

iV =—0.1V (jjSj Ladle. MlaS .a JJ» .^i dg -sll “Lajj CljlL j] ^gja.) (j-° 

Ladle. (_$! i^g-oLaVI jLalL/1 “Hla <_gi Lai .(^ 4 = 0.02 <SC 1 (jjfLl ^gjaiVI daJI (jli 

d^aJI ^Uua Cul£ jl ^gja. ) I =/ 0 e 4 ° V ^ Li»’i j j^laVl daJI (j oj^ ‘V > 0 

5Jdl*-a CjLilaJu 5.4 JSjjill .(e 4 = 55 S> 1 (j]i ‘V =0.1V J!La a j j» . ^ i 


^jjLsklu Lo,Ajc« (J,A^a,r^k ; ) JA_aJaiA 5*4 ^3 ^y ^aJ 

Ag_2i2l I2 a (_£jLolJ . JjJalU AW *\\ ^ ^lAc.V | ^.udSjtil ^ aa) 5» '1 jLpkj^M 

Jalja 400j -ialja 100 :1N007 j 1N004 j 1N002 CjIjjjMI 

• l_j 1.3 (J^c^jLigjVI AaLlla (j-ajJajj ‘^a ^Ic. .JaJ^3 lOOOj 

jA (Jj t: A a -v\l \ A_i3 1 a^ Via LJUIa (Jj-ajj (Jj^aS (JI,^dA (_}ai 3 (jil 

.^kVI aLVVI ^ &j^>aj (^ISI jlill! (3-° oL^jI IjIjj S jjg 

^aIaVI ^jljViVl ^3 AIajIsa (JaIj 3 ^A A_nJa3 A»3 ^}xa] A \g ajj\I Aijj^Jallj 

^ ilVn Aa jULa!! ^JjIaJ ^A-qjULq^ ^ajl ^jjLiLo JLaxILuiIj . ^ aai^x \\ J 

jlull JJiajj llgiajlLa (jjoUS ^ i_JjC-^j-all a jjg -ylll ^gijia ^^Ic. jjau-a 
^ lyij<a jtLJI ^11 AAuij (jLoJ ^aJ ^)-qj 

1 jkjj jJaj ‘i ^aJ iA -a jlL<JI ^-<u3 I^)kjj 6^^^3^)iaj ^jjjIj^aII 

(1N4004) j^all ^ll! A^o jULa ^jLujj 6^\I1 a o^)a ^ajUia]! 

.CjLajVI AjjoiiJI AjajIIa tdiLajI AjtjJaJ AjaIaVI 
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I(mA) 



. s'AjIc- AJVJj Jjjiil jLu) p/i Aiuajlnll j il .-i^ :5.4 JLuJI 

3.4 


'V- (_£jLmU (j^fLiluill ^ ^J.2 /() ^ 11 j.l ; ^ ~'.V 1 ^jLil (jl 

— 0.1 lAjStiil j' ’'VI J Jg.> ■'lie- CjljLnll i—luiaJ (\^ i 10 A Aijill 

ClbtijJ .32 JjAll (jl (s-l) .ial_j2 0.5j 4-Uj3 0.1 J 4-ial_j3 

. jlj^ '' V y 1 .3 > 5 -?. <a2l j^all aAlAaJI PjljLiill cAj_j!a ‘4^ v J- 30 jlinJ 


: jLull -0.1V ^aJI Jjft 6.4 2Lbl*JI (I) 

/=/ 0 (e- 4 -l)--/ 0 =-10 12 A 

: jlnll 0.1V ->1 1 -Ijc- ^ jaau j 

/ = 7 0 (e 4 -1) ~ 55/ 0 = 55 pA 

: jliill 0.5 V 'ig ->1 1 .He. ^ j 


/ = i Q ( e 20 -l) = / 0 - 0.485 -10 9 = 0.49 mA 

c jkT JAaII jjij c4-j_A° 30_j c 141 ( 4 - 1 ) 

7 0 141 .(e/kT)( 293/(293+ 30)) = 40(293/323) = 36.3 

:I 0 =Kexp(-eV 0 /kT) <> alia 40 . 3 j.laJI oplpail <a.j.3 .Vic. 
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1 0 = 10 12 exp (V 0 (40 - 36.3)) = 10 12 exp(2.59) = 13.3-10 12 A 


6 JA (J Jj V 0 =0.7V » C' i** n*s 

(j^ 13 J)\ SijZA (3 (J1 4JLylxll 

l-jLol^J o^lxl! &iA JLa*laj| (jl fj$\ oLojVI i. i>j (j£l .ajjIa 30 

(J4-xjoiIj Ai^lc. A-gj3 .(JjLolJ £jJaj-o Clil^jju £-<j /q 

SjLjj (JS £-g c_ac.Ljajj /q jl ^ic. caA- ijj^)^j CjULij ^ic. 

£Jjao]l jLal JJ^YI JJ^SjII (jli 111 . l**ll > 10 (_£jLalJ 

>>30 —j oj! >> -ilpjl jV 4 7 0 = 10 1_ -8 = 8pA — j <j1 j>y 

. ciil^a 8 ^l_£lSI ^jjl t^$\ 3 c_flc-Ljaj 

^ic. JaJ jk 0.1 jU^jVI >' (jjsl j*l\ ^-gLgVI jLnll (jl C^llj ^^ic- 

> c/ = 7 0 (e 3 ' 63 -1) = 8 - (37.7-1) = 294 pA >> 50 S J j=JI >> 

.4i >11 ijjl^p. ■>> .Vic, ^jul » 55 i_$ jLjjj >1! A’l-a ;'lj AjjlLo ' -2.i> Ajj 

4 / = / 0 (e 3 “ 05 -1) = 0.61niA <_>. 2=2 > 0.5 >•>! ' ^21-^ > JjaxaaLi 4 JlLalLj 

.A3>t21 o>^a* A^^j jiic. Ajj>u^.aII 0.49mA _II >a Aa^S (_>J 

jillj pn 4 -Lajil 4.4 

pn-Junction and the Transistor 

Aukill ATI nil Al^jll jjlu>l jj 1.4.4 

Bipolar junction transistor (BJT) 


,->xA jjjfLj (jl 4 pn aL^s jll Jxc. ■»= 1 jjl Axjj ‘uVI 

jLj £-0 pup >-lj npn j»jl> 6.4 Jiiill >jj .2>a l> j»jl>ll 
jjluj>l>11 12 a . Cllljl.21 >.Axil.-xill La£J>sjj 1 -xg 'ix (JS A i ilr-VI 


cjij 4bipolar junction transistor BJT >>211 >1421 a_L^>1 j>>l> 
>iC. a 2I AljUla Cjlijjj^lvij 4_J>21 >a (J£ j > >i 4 ;;U1I ApLli Aix^a 
ii. .>.11 A>YI jUj dlLalg-ml (Jx<g i La L2lc. Ijjl > j )jlu>l>ll 
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^^^Jl A.qJvvaj tgatc 4 -jI^ x ^D aIaIIj ^emitter dc.lJlj A.ala.ia 
^^a Iaa I ^.1 i j ciil jjjuj^jl ^ill ^ja ^ _^]l I ^a aaj ^ • collector ^ <a> 

.IajIj e jldo ^Aj ^ \^jj cIajI.} LiaIaI o jld-o ^A j 6(J^.-lll <L-aj 

^aLoVI jLidVI A_IL^. ^ >✓?'! jLidVI (jilijUaJI A-uJa3 (jAjJaJ j 

^ja c£^l diC-LiIl £a l^EE ill ^ja L-llLoill dl^jJall ifipfl ^jdi^jl ^ill 

P ^_^ll (Ja (^^1 6-lC.lHI £a L_L^.ja]I l^a^)ia (Jj^ajJj ( £a fl (Jj^jJ fl ^ jjl I 
<■ t l)^ (Jj-ajJ djui^C. a^l ^lx>\l ^^iJI <L-aj A_IL^. j 6^? £a p (Jj-ajJ 


,p L_ul^JI £a L_llljai]l l^-.JaS (Jj«ajJj 6/2 A \x«o^]| L_ul^. £a (■ > 1 ~N^aII V^c ill 


jjjuj_^jl_jjll ^JJaJj . _jj!luj^jl^jjll 6.4 (JSjaII ^liuJI ^jaj^ll (Jjaj 

jU^jVI jLu 4-ad Ia^joi ^a-ujjj (‘Pfip jjdijjljjll <ja /2/7Z2 

1*13 j ^Lilll ^Ldl jlj L-L/Uall ^jVI ^J^IaII (Ja U-3“^2 .^-aIaVI 

jji 111 .<u^. jaII dlwwill ^jIj^)^. oL^jI jA ^jjaLuj J-dajj t^jLill 

Iaj3 IaI . IA.)ft*j JSI t^Lnlc-l L.3j£ll 4_i3 Jjaj ^ill ipfip jjdaJpljjJI & jjjas 

.^jLa£ldA dljjJJ^lVI jldl (^Al-^jl ^ Ag JO) jji (.fipfl jjluj^jl jiSl 



e^pc e^c 

5b 5b 

jjlijUaj j-a j (jjluiSUl* pn ^llnj ^j- 9 uj^ 9 npn Jjiuija jj (i) :6.4 JLuJI 

^jii^J! jLuil! (_$jjj iAjjIfrSfl laujjVl ^jjj JLuJI) jUaJVI 

■pnp jjijjjljl!l (jrT\"i SjlaLLa Jl£_il (i_i) . jjiuijjl jjII y »j 
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(Jjli Vjl Uc-J ?JjJjoj JJdll J-oC- *jL jSl AJjojLojVI La 

1.1^. CllC-lJ! A^Jalxi ^.U^al lilj ( _jjlxjj^i! ^ill jlnl 4 W XM ClielJ! (jj 

jjlaljil Jjll J p + J /2^?/2 JjlolJJI J /i + •+ -J l^a. AjJuJI JalloH j-ajj) 

S-lelall J ;/ e jlii]l (Jj^J (J> L-L^J J-ll^. Jjloajjl Jj]l (J-OJU -(pnp 

^jLojJalj UJ*^ «a31 ^Jj tL-aLal \a\\ (Jd-lll Alx-a^ ^j-a 

£-o .hn Jill Jb iS.lC.Li3l <aiaixi Jj Jill t-la£9 4K will A * >>n J 

ilsjjuJa (jjLj S.lC.Li3! A^laxo L_Jjjoi (jli (. ^.illa'ball c^ilj ^9 <joi£Ij*_a]I 4 W /ill 

^a-uj Jl ^9 (JijaiV I 4 Vi^ll ^jjJaSI (Jaa-o 1 AA j .1 .1^. 4jLi9^) ^A j}j£j j 

1 li^xn (jC- ^aj-ill Ifo x«o\l fi.lC.Li3l ^)Lj (JLoJ iS^ _J 6.4 cJ^J' JajujjVI 

*. <J J3L cJ jjjoj^jl jilll j da! -i^j-ill ^jaj (jjl J3I Vi jjV 1 


.LlqLqI oJ)L^Jlo]I <L^aJl .lie. L-klifU .il^jl ijjjjJI • 

<jV LlcLoI 6jL^IaII l1ic.U1! j dc. JJi -iLaiil : • 

Jal^r^JI ^ (jli ILlj CL-J^juJI ^AlauJaj ^IjjJj (jj^^-c 1^ 4 JLa 9^) _j£_j-a3l 

6j±ui £jtij Jj ifi.lC.Li3l <aiala J -Iajj V clie.Ull I^yn 4_^.jld3l 4ji\c.VI 

o^a Ajilc.1 (jj£j CLua. ^->^31 4q)Vwa Jl 


The grounded-base transistor jjiuJlJ 


jUjj Jjlo.jiljl J dilijJ (_^1 iAjc-VI jliil 

(JSj o?.li£ ^^Jaxjj ,I C —J ^ . a-N . a' 1 J] (Jj-aljJ! ipiip i_Jj£ll 

:(_$! td!'_J ^1 lLic-LJI (_j-o AjaooJI 


I = al„ 


(7.4) 


■ ^■>11 t>>M (jl V] ijld Ad (jjd (ji ^jli c(/ c I e tj$ I) lil]i£i _>aVI (jl^ li] ^ 

i4-ajlLftll 4jlaia-lallJ daLal 6 jLa-loll IC-LllI^ (Jik.^]l <lx^aj (_^^ 2 kJ (_^ilil ^)ld^l (jdl (jV A£.UalujVIJ 

jj-a l^lda (J.ft'Nj liA ^^p»Jl (jl^ Ijl .A-ajlLoll Aallxll ^ ( x-oa-dl^ ^^) 2 »JI <L-aj ^C- Ijlajl 3 

* £ * t 
^^ic- Ijjli jjIjjj jjl jjII (jjd <aj^)la]l a^Jj .addll ajldl A\a^"i Ux^ IjJJ^ ^)dl <c.l >»VI 
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SAolSlI jj £Ary.A jIjj (jjjl_i£3 Sjlj 1 7.4 

CjLu.^:^a .Ia^. (J ju>i /^ jjjIj u’ ^ <1 qj *(6.4 <j1aa]I 

tfiAiA^Jl ClA-G^i*-^ (j-G (J^ ^] ^-J A-ujjL^lLo J A-OJAIajIA ^.A^aII 

£-a^a1I jIjj (jj iS^ ^ OC ~ 0.99 ) A^.1^1 (j-o OC (jl 1 .\ia\ 1 *»" n*s (j-o o-^ja 

CAc-lJI 4_a5 <J!1 aj (_£a 3!J 4dAc.lill JjlaijjlJjll (j! .(tlic-lJI jIjj tisjiij <_£jLaiJ 


ClaVL^. j I j-ilj V] (JaxJjolj Vj jliill >>ij V 4^ j*s a\ 1 j (J^AaJI ^a~n Jij 
.ULsJ SAiLa 4 m a (. i.rfon 1 >>ijl £a^»aII j jJjoj^jI j!i 3 l j 


The grounded-emitter transistor <_£j>^' AeUI jjiwjjljj 


dj\ jf\ .ill ^3 V LoxJjujI j jl....jjl jlil C_L^Lj£joli £»uj jl jl 


I c (mA) 



(<_i) .‘Luajj^til Sjc-Ujll aJIa . ,3 pnp jjijJjljjl! 4juLui j!) -7.4 JSJUI 

ciifrUil aJIa J npn jjimjiljil! A*jUi « j^*.i 

lM jLjJ /^ (jl Jj IJkij .i_J 7.4 (J£joJI (J A n Jl (jJajjJI CLic-lJI 
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cAJLsJI aj& ^3j .(ajle / ft / <jl iai.Vj jLiill jjj5"l (j^a-aJt ^ya i^jVl 

(_$ jUj ^ej^jII i. Uu^wjj • OC jliill JjJj-a (j-a aJuli j!i£l j3 

% 

0JJJ3 t7.4 4iijL*JI (JLoxIiuAj I e (jc. (_paJ_j*!ill ^aJ l J =l f + I (j\ l j jlui jjl jail 

* 

^cjjj j i I c = (a/(l —a))I h ^iii a^UJI cjjjjj sj1x.Ljj •I c /a — I h +I c 

. (jlj 

K=Ph ( 8 - 4 ) 

*=rb < 9 - 4 > 


^JjSj Lo^JC-j .1000 J 50 (JjlJ Clll jjluijjl Jjll /3 ^ 

AJL^LaII (J^aLLujJ La IJlc- i£jA*y -all CiAjW’l.a 6^-1 <L15 jl J3 

.CjUjjjj£ 3VI diljl^ll CjLLoi^. 8.4 

<j| 1 g uj 'AjtjLuj djLila»j-Q l_j — 7.4 (jSkxiuH 

^jc« <la!LaUij A-aJilLaUi .a'N.all dlLli^-Lo t Jal^3 1 ^^ic. La-lic* 

lS^' h £^=^' ^ ^ VI JJJJ V V ce -J a-lljj J\ ,jj J\ iV ce 

(jl 4 “UaaVI i"iljWi.a\l ^jjj ./^ _I 4 m .a <-<u3 .Aic. IIjIj 

(^jllj / c jIjj ^liiu (jfLaJ t"n-\ tCjjlj jlij £ji-a (J-aC. jjiuijjlJjll 

4j-a j* >^iVI ^jxbal jjSLolLl jiSJ (jillj 1 h cJ^-^l J- 4 -' JJJ*' 1 . 1 (j^f-al ^i-LallJ j.liij 
( _ S JI iiLial (i c /1 b ) jlijH ' 1 > *"' ajjj£ i-lilSLaj (jVl Ijjjl !.“'■% n«nt ijil 4 jjj£ 
£-A (j-aaljjjj ilijj I c (jj (_$\ lib S^c-l-sll jlij 4 -LxjoiIjj I c ^jiJI jlij ^‘sVill 

,<j 2 | a^\u jLij ^fi-a Cjc-LJI l _yajjA\\ j jJjjj jjl jjll ‘(jjj -/^ (_>o3lijJ Jjl jj 

U.U ojLaj^JI (Ji^lll A ^Ifr Jg -\ll ia_joA jjl jSjjj (jl ‘-_i=vj 

5JU. jj£j ^ (jjliLJI jji-ijjl Ji ^ V he =0.7 V (jfr Jiaj VI 

LaAicj . Jg •% \l I^A (j-a ^>4*1 ^BB j'=~^jVI Jg ^ (jl *■. )yjj 

jljjj l Jj n>» jl-lL&J jlj t A <nqll lillj CLl&lJI J ajc-lall <L^3J (jjj Jg ->11 jjlaaJJ 
5.4 iJSuoill i^ya LloLqI jl~s i,o\l ^3 (jjjoll j A^-^yuO Ifo aJclall jLjJ 
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^j^^a ^A _j^^a!I j! ^a_jj3l c^JL^J! o ^A ^3 (J^juiII I^A (JLaxILujV) 

£a 1 a^ k^xa jSjoi^jI^ pl! (JLajLLujI (jj^. iji) ’(V^e ^A ^isVI ^)j)^ a! 1 (jlj 


S^C-lall ^jjj -\^-aJl ^.)3tJj c^l ^Jj 10 AjjoUJ^ (JL^-a i jAj^a (J^.^11 jLjj ^ixj 

^j£| ^jAbLall &3A <*—iS^ joj j .Jal^S 0.7 -2 ®£s (J.iijJa ^jt.viA i CliC-lJI j 

. Aj^) jlLai^jl ^il! ClA a*^. w^iaII ^ j.^iVuai‘ 1 1 ^ n*s 


pup jj!Lai^jl j!i]l j /tp/t jjjjaj^j! jj]I (Jac- ^jjj ^Ia Jjjli (3* 4-cLs l>^ 

<aK1Ij ("ulL" <*Mj ” ^__1^. Ja" a aK'I 5JjLiaj (jjlljUsall ^^jlliaa Jj-lij s-1 n'nulj 
CiLjjjjSJ'VI <jV npn CjI jjluijjljHI (j-tugja tlAac. Lai ."(jjjjSLll" a ^KIL "l_jSj" 

1 g la (jjfLj <liaall i_jj2ill Vi i ul CjIjLSU niVi, ,! 

^ A-ilsVI jIjj UIaaI lijl Jj jjjij •pup CjI jjluj^j! jjII ^ 4_nlc.VI cW 

^^jo) Lou V /$ ^juAxJI ^Ljj ^jV 6 ^il^jiluj^j!^ jj]I (j-a 

- «*W jIjj <ja 1.1^. JjjjJa 


4.4 JHaJI 

^3 ^JaiaI! c >% 1C.U1I (jia^)j^A]l _jj!luj^jl a'Na ^ajl j^a^k (JLaxILuAj 

,J3 jLnll ^jj 4-^^' 4 ^—7.4 

Lq ^3 j ^Lull ^ c Cljlj i.2k.lAll ^)A \\\* \\ V^VlA^t (JLaxHuAj 

p = A I c /A I h - (15.5 -13) mA/(150-120) pA = 83.3 

!^ic> \.lL*aa^ ^iLoill 4 qli*iz\\i LaIaxHujI lijj 


p = (3 ■-1.5) mA/(25 - 0) ^A = 60 

Ijj .djLjW iaSI ^3 ^)A\Ja]l LJaik (Jjj 2 _j^2! ^jl IjiAj 

^ )Jjr <alaaA ^^3 I_jjj«^^a djl^)!-ll! j ^3 ^j!Luj^j! ^pll (JaC- (jl^ 

4<aIa ^jl a^JviaII tiliij ^Lx-aLiJ! p jls 4 CjI.):v^.:ia]I ^^ja 

.LjJaik jjlujjjljllll jLi^l 
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cr&aJI 2.4.4 

The field effect transistor (FET) 

field ^ V<K 11 ^j±l dll ^ill (j-0 ^>^1 <•_lix-a 4-oj 

jli dip. <> IuoliI jjiojjjlji]! Ua jl .effect transistor FET 

li^Lkj .BJT 4--u.Iaia.il 4 _uUj]I 4jj-a_^l ^l^lkl Jju V] ^1 4x.l^lkl 

_II i ^(J^AI 4^K jliiH -Uj^U £-o) jlu ( -^d,a ^)dtj c^-^l 

• ^ ~>II jA (J^^II ^ ^AViIl J-olc- ^jl ^1 _^JI C‘ n«\ (j* 4uU FET 

^ULo-o FET _ II (jjfLi ^ i* a\\ I-I^jj . ((J^AI 4^K jUj UUc. ^oj V du^ 

. Ldjl ..1^..7k ^-Auxa (jlS II * II ^aJ.la]l ^ 1^ Al Jjj^lyi ^»Loj-al] 

.4_IIKjoiI JajuLlU FET jdu^jl^)j] UjLja^)C« \x 3^3.0 1 8.4 J^juJI 

^^11 <j-o a3-o 4ql^k Ailiu 6/2 ^^dl cl) -0 ®3-o cl>* **. U -0 dUj 

4iKJI ^^ajujj j 6 source n^II j drain i—a^x^axllj oidll li^la ^aujjj »p 

L.-LbJaflll jV I^ ^)Uj ^)-a t^-ldaall ^9^1^ Fqd ^J.jdaJ C \\ks-i j Ulj .4ul^dU 

L-iidll <Uo jULo ^A y£? (jj C n^k i R = pi j A J J.WTi 1 g‘*n.o9 4-ojli-o£ 3 -ojlJ 

^)j!Lu:Ajl3^ U^yLdj 6(jVI . (^Ud^xJI 4jtJaLo 4 _^Luj-o A j 6 4JjU / J ^4_iC«^iJI 
jlrdl 4_i^)LlaJ UaKc. S_jL^do JdAI 4 j (Jx.at ‘i c4j iJ*aft\l A-utilll 4_L-a^JI 

LuuSc. 6^)Ld-oII 4-L^aj]| Ajj 9 . £-o fl J fl p ) (J^dll (JaiAI (3^J ^GG 

<jia^}C. 4_La^-oII ^ 4 -x-^1Lo ip 4^1^11 j /2 aUdl (jJJ AJslj JAC* 4^jJaLo 4Alalo 

|jj 6^SI^11 */j C^dl A ^jLd^)*JI ^JaLoll 4_^,Labo ^1 toljill 

IaIj] lijld UK oU^II ^jl 4ili tdl£ j-^U IjjK Vg S 4jI jA\ ^jl£ 

jA S^aLUII o^A ^-o ^jojU Jlg-Sk.H I^A .1^3 jUj ^I jai V C* 

J1U1I ^ -5V c?^l) pinch off V p ci^dl ^ J V gs(off) 

IjxKc. 6^1 .^iaII J^AI 4U^aJ 4_alIa-oII 6 ^)LujVI 8.4 

i # * 

^mYum'i liA (j-aj .’iljall ij^' jUj ^ ^ VUt3 

i_ajinO^'l J ( x_LUiil (jjj “LojlLa J-oO (J-a*J ^Va~\\l J_j*jLall JJ (jl 
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cilSi dildoJ . (Jd«JI SjLuj] diljdj (j-ol JIa Jc. ^^)dll jljj 
1 ; UjAc> SjUdJI (Jd.JI 6^1 J ^gjj A^Udjoil tj?\ (jl (Jd.JI 6^)La)j ^-Sc* L>^ 4 jI 

J^dda Ikl j c^dlLajVI (jJJ^La Jddl A_jI^j A_ajULo (_£jLda^ 

_)jic x^a l** n W FET jdui^jl jfil \ C_J — 8.4 (J^dll A^Uadulj 

(JSjuJI (_5 JJj . <^dljJaJ! 4 Q^-v -A (jjfLliul dULlla C_LLuJ^)J Ajldj 

aldil j! Ja^.V . (p Sldll aJL^. ^ ^11 &ldil (jj&x\]j FET _SI Jy*j 8.4 

£-a ^> diA aldjl jAj tLi-aLol 6 jL^IaSI <Sj-£3 j\\ ^)iC. jldSI l3^ al-dSl jA ^-uill 

.AjJakii Ajsiiii _j j!iuj^ji dd^ASi t-jj^)*ji 

./t Sid FET _jjiluj^jl8.4 (J^^11 

6 — 4 Vj 0 (j^ Ajtil^ll Vg^ ^dl Adi^-<JI jldllj -Ag-aJI djldd-a J£jJull diAx^ 
. (_JSS 20 V j 0 ^,n*SI j <—fl^)j>^i^SI i^ ^aII ^ n H ^j.\.\xu <^llkj 

Addd c^jdilldc ^jjjkiai-a ^jj-qIiIS dal jW *ia11 " A_^^SI 11 (JLaadujI 

(jl ^ic« 5JI-i A_dl J A-addiA dlldddl ^ix-da (.** n*s £jjau]l Add-aj c*LajULoSI 
Adad ^^A ajlA^ Jlg-aJlj Aj 3 ^ Vd jld ^d-o ci-^ cJ-^S j jdai^jl j3ll 

<aJd-G ^^-ajd La L21d Jil\ AjajOall _j jJjuj^jI^) lSI 

FET _SI (J>ixj ^1 aILIaSI ^a ©Ia .(V ds <4V) *L®jLia 1I AJaiaia 

jdu >11 j jld^l daldd-o ^jl ^1 t^jl (j^jl-3 JJ ^dadj ^IlSI S^)j*j-<JI A-ojILaSI (J-aC. 
^Lajjl ^Jl Sjid 4 AjI j 2I ^-Sc- c_2LaJI jLidVI -^1-j^jl cJkl 

A-ojlLo ^ w iaSI (Jxc ^ =0V cjj^ L^dc. cJUIaSI cJ^f^ (^-S^ .SldSI a-ojILo 

Jbjj ^V g5 =-3V uj^ U^j .AV/AI =4V/10mA=400^ 
aJL^. ^ 6^jkl . AF /A/ = 4 V/1.5mA =2667 I^IajIIa ^ sldSI (j^dd 

^3±laASI “sSIj oldSI Jd ^3 ^dJI t^d-<iSlj cd^)j-a-<JI 6^)j» o^ll >11 

.A_jI j2l ^^ic. 


tLude. Sjl ••> ‘i^ sldlj (ja Ajjfdll pn dj-a^ll cJ*-^ i P FET 11 Aid 

. 4 a^.ja j ^}dail Vgj. ^fdl J 4 j 1_^11 (JJJ •> il (jl 
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(j) .n SUs jj duia. FET Ji (i_i) .n SUs ji FET jjluijj !jj (S) :8.4 JidJI 

sU3 jj j FET _1 (t-ijuxa]) j jliUI ,^i 4 (J) .SJJfl v* FET _» >j 

■n 


Lo ^ jji (jl .(4V< V /t <20V) jLuil <th’u ji £_uiall AjjJaLa 

A I ..0 j]' (J» ■yj V ds (jl dljAj (jl ' ijlc- Vjl .^Lils jic-l A qla '.all ^3 
4_jIjJ! jjjSaj La-lic. & =0V j)j£j La-lic- t^ia-aS .L_jajl Ljjoi^C. o jLa-La 

41—8.4 ^ jjlfall (3 ^j ‘^dd (jlj £-a o^yj .ilia 4J 

j^a Jfli <jallj aJLail! l^SjJa Jj-oJj itl flljilU i— A_j jl J-nll i_Sjla (J . .-n; . a 


-laa^U yj . ^ m8c . jLpol ^^ic- p £-a 71 (Ja-ajj 77 £-0 ^7 Jj-aj p ^jjll 

0 4—ajt.n.a\l -iic. Vj)Q jpa 77 olill! “LajUajll AsilaJ ^ jl]l ,1g -sll (jl 

l^xo Ij>u8c. I jljaji J&l t—aji^ixill jjx i—j^allj oljall jjj£j t Ynj*\ .*_iL&]l die- V 


_>£' (jj^ cs^') AjjJai-o]! 4jL!ai-a]l J La IjlAj ^)-a L_J^)S]Ij 
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V =0 (g Wull ^gjj AjjUj oJjaJLj .oliall _a^)x^3^11 ^yct i_jji3lj 1 

V ds jLjjl ^ cs^ 0 7 (Ji*- jIjjj I d jL4l (ji j 4> (Jr-8.4 J5L4I ,gi 


(jVl-s'i ^gja, jjjic aliall (_pa^)C. (j.-i4 njj .4 jj1j 4ajlLa dllj oliall CiliH j\ La£ 
Vj ‘jJ^al cs-^ 0 9 ys-j Jg -sll IjA Jic jL4l ,_ 5 jLul 1 j .JLa3_jS 5 y±j Jic LaLaJ 
jl^alull (_n*j Lai ,I d 4i4la ojLj (gJI V] Jo]j9 20 \ ds JilljLj (_£jjJ 


jLjjl j) Sliill (JOxJaJ jLjjl (~lg -sll 'ijbj ^CJJ ‘£Jui4l 4 qj-ii-a JUll 

. LljjiJ jJCal ^gllJS 9 ^ Jic. jLjJI jgjjj La IjAj (^4ajls4l 


jLiill (Ja^aJ (V gs = —1, —2, — 3, —4V) (_£ J^.VI dl' jl-s 1 . a\ l LajBj 
(jV (jjcal cs^“ 9.5 j 1.5 j 4 j 6.5) jljJaL a >.41 Tu ^ jjc ^144 1 4a4 ^gJI 
(jlj 143 ,pn a ^g, joi£j»JI j! A I Jj_}j ^*-4-41 j Ajl _^4I (jjj i_4Lj jg (_)S 
jb-41 jps V ds ojbj (J» •vl < ill jJSJ 4i4iaiaa V = —4 V Jjc (jj£i “L^l 

AjjLjaj ojbj LS^J . JJJ-al jgJjx 9-5 Jj^- LaLaJ IgjWl AjsII -laS3 Lal^jS 1 ^glba. 
V „ y = —4 V Jjc- 4jl iil] j (j-a Ybnij . ^Jjoajll jLij (jx Jj JJ V V ds <gi 

lj jLoJ AlLajJ Ciulj jLij £4-“ (J-aC jjluijil j4l (J-a*J ‘V^ >1V J 

•V rfj =1V (jjSL La jjc J-a*JI I jjj Ji44l jb4l £4* uj 4 ' ‘ I d = 0.5 mA 


■\g.^> j)C JjVI 'J ‘LaLaJ (jlaili-a (jj-^'H ya (jjc4 (jl ^gji <j^aLL4l j 
^141 \'j ‘/^ =0 LLc4. LK 4 jI_j 4I (3ii-i (jl (j4aj _4 j t Vg S ‘ T 4L4I 4I_jjJI 

jgAc 4_l^jl jic ,_g4l a ^jall' jL4l jjx j^j (_^jll V ds ^441 j i-_jj^^ll jjjj j^-41 jjc 
( Ll2jill (_ 5 jJaawl Jjc J 4 L jV±> ijVlyy) ^-aaaLl (jj. JlLI IJA (jl (_^l . ~V d> . ‘"'1 
(JJ - Jadll Jg.> ( _jAc (Jjj) (_5j!laa4l 4]j (jjj ojLjll (j-a Jjj)-aj ^-aaay V 4 'll t 'ilja]l ^gi 
cU4l (J4-a V* (jc- 8.4 ^^w*1^11 11 a 

JjjjJaiill iak Vj v 4 (^4-^^]' 4 a]a1g j jiill ^^Jcniall 

(Jjl (j^«QJ ClaLol^J 8.4 20^5 

Ia^c. Vds LS" 3 ^ ci^J ^ 

6 L—J ^ Ailj Vp 1 \ ' 1 ^x>j 


-V* 
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8.4 (J£j4SI a ini'll >.o-\ a n oliall li FET _Si Uua 

.(n oljall jjluijji jj LgS Vd s (jij t<—iSLu V gs c) -S=^^) <V p ~—5V 

:_ J ^ na'lSI Aaiai/s ^3 i_a^)>.o.aSI jljj i—U^all (_jfL<uj 

h=I^-V„IV,f (10.4) 

*(^ — 8.4 ^ua! ^.La 9 (_5jS-^) = 0 £^JI ^jLjj jA /^ w 

.^LoL^JI (JaI^*H ,^.1 f3 _jLuJI t J^\ _jjiLuj^j! ^pll 5JL^. 

Ajlalj ^ \H%\I (J <jLu!a]I (JaIaH j 

:_j a/jaaJI transconductance g m 

g m =M d /AV tl (11.4) 

_ 1 A n» a 4_aj3 XiC- ~^k ^jjaj _jIjj (_£jLojj W^j 

(J-ua^j 8.4 (J5 >m\1 ^ja ^-LuujVO-iiaSI (JIaaIuAj 6(JU1a]I (Jjjjuj ^ic. • Vrf s 
(6.5-5) mA 


8m = 


(-l-(-1.5))V 


= 310 S 


6$>li£ g m 6(jiJ . ^ Cjljjlojjjljj ^^3 Aju[£ <Aj3 

e i 

jjlojjjl jjll >Xl jl£ g m 4 aj 3 dljis LdS IjLnll C5^ 4j|^iJI -Iga. 

•j4 


Transfer characteristics JjjajJI (j-suLai 3.4.4 

FEX _SI (^j-al *- iw**L-A^ x^iaH (j^ajl x*ak ^JJC. (_£^kl (j-ajLx-ak <aJ 

^ j ^transfer characteristics J^j^' ^ 

f > 

dlljjiu 4j» n a"iljWui\l oi& <_£jj .10.4 AlilauaSI Iaj-Isj I d -V >."iSjWuSI 

lg m ^ ‘l*\ ‘loll (J^ ^ .4c . Aaal^&ll Ajl jjll ~lg -s i_ Sjj-£xaSI ^)Ijj 

. ' .ajA .>i"i g m ^jjS L? 3 ^ • 4 J- 4 8 ^.~iS1 jjiuijiljaJI sjJiLa (jc. J;n*J 

A^lc. ^3S! ^glflaJI JJ».,^ll ^ jJjoi^jl jjS JjjViSI 9.4 J8laSi 
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^A ^ W uall I^A j . 8.4 (JSLuill ^3 A *n ix\l ^j^ajLx-a^. 

A qJVi^ Jjj^l ^ Wu ^jl Ja^-V .10.4 4-U-U^jll <*_nlai! 

. 8.4 ^3 ^(Jj-a^J! <iLq-o 



.n SIS ^3 FET ^ (j-aiLuai :9.4 J^uJ) 


i£j&\ cr^' Jj*^' £ljjf 4.4.4 

Other types of FETs 


^JjJjoi^jl jlh LaAd.1 t^Vq-t'l (J j».q Jl dll _j jdu_pl JJ | ^ya (jl&jj dll 
JFET —i six. <1 j^jj ^Jl cjunction FET aL^. jll jj ^IdJi Jj*UI 

(3^ AiliS dul£ IjJ LajE IJLui Aliil_jj (jjSij (_£JIj tel nt-ognul (_^JI £■ jj]l jAj 

l^yt i ( _Ja\_j i L-d j u.n Jl ^giiJI (J_j*jLJI jjllui_pljj jA j ifl £■ _jj]l 

c« Jaji ^Jl tmetal oxide semiconductor MOSFETd£i 
Jadllj tdepletion mode (DE MOSFET) t. in dill Id :<jU=d 
i) ebiidiU JFET _11 IJLj*! 4jld, JjVI ^jJIj .mode enhancement 
£-a La^aC. (_Ja*a9 t ^^jUI ^ _jill EqI . IJLui jl Lls._j-a (jjfLl (jl (jfLaJ All _jdl ,1g % 

,\n.iSVI jj Id\l (Jj».q Jl jjdjjl ji J)jdj .n sLia lj jl£ lit t. i>^° Voy 
dl jjlLoi jil jli Igj t Jdl ^gjll Ail_jJI .igA AjJa3 ^gi Aijj^J MOSFET ^gj-dJI 
(jS<i1 jl-ac. djlgj^UI AiiJ djlLa ^gA eLil j>a ^iac.] J VJ tdiiddl FET -Jl 
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Y aj] 3 caLoc. 3 *-^ ciAjjjjfl]] 3-° Alps 3^ <( 10 15 £2 3^ 3 j - a ^ (j! 

.LLc. fi^Lail 3 -0 Ac-1 JVuJ (j\ L-lliaJJ 

4 j JV<ill AdliUI a 1 ^j]l jjl^jjljj 3] dn's (j* Ap] Ljj 3 La jl^c. 3 ^ j 

tLjajI yi ^3^ L)^ 3^ a^jLoJI ^ Vq^SI (Jj>*-Lo]l djlul^ t^LaJI ^a npn 

YLlAp La I^Aj tlgliik (. % 1 UM 1 L_Jj£i]l 3 -° AjLdLaal £- Jad dlU JJJ^IYI (J$ 

.<JjLa 3 l djLadda 3 l ^9 (JjJaSl dAjLdud j A_l«a 3_3 djLa^lsu-<J! ^3-01! 

ajjL 3 I dil 33*033! 3^ 3* ^ l^SI J^tLall dJ 33*033! 3 3! <3) ^Lj^j 

<§Ua dSYlfl*l* 3 j 3^! 3x^ljc> AiUlS 3) <L^LaJ! Cjj^ ALal£dal! CI1I3I3! 4 jiJ*i<i\l 

. dlLajLLaj dll^j£-a ^\^“\W J^lLoII CIjI jjjai^jl^p 3 -^ < 3 ^ ^ 3 ^! 

The Transistor as Amplifier 3 * ^^ 5.4 

3-a ^ 3^-di 3A ai *^31 3! < 3 ] J jY! (Jj-aall A-ad-a ^9 L^)joiI 

diljb L1U13J Idl 3] l^pajj . La-a <S^-L*a^a dll_ 9 J^-aj dlLii-aj dlLajLLaj dll ^p 

3^3^!-^. ' W n^nl J§ 3 ^ ( 3 ° < 3 ^ ASLtiSI jj^aUxJlj RLC _SI 

3-® ^-ujJJ^pl ^a^)iJI 3] • ^jddaj 63I J aSLlASI 3^ j AlLdll 3*-aLi*JI <S-al£-aS 
£-a 6 ^Jalj 9 10 — 1) .\p<a (_£ j£ij*>la 3^ 0^)Laij ^>jA *^>‘l 3A djl_ijj3^V^ <3 x^idl 

3*j i<LixjJa l^jljldj dil 3.)$ 3* SjIc- 3^ »^ix>SI (Jd-^ 3! 3' . Utl ^SI -idY! 

SjIc. 3jj 3^1 Iajjc-j diLpIj^JIj diLjajUlj transducer aSLLII diYj^-a l^iSlal 
31 > C 5 "^ djI^jLaiVI 3 I <> j-S c ' 6 _P^ C ' J «JaS__p jl 3^ > A dll^)Lail 

^ n^i'i Lade- Lai .lg-*-a ^c.j-xdaSI 3 ^-SdS -IdjC. l^jli c^iddali Jl Jal_p j^)£-oSI 

dll jldVI (^5-^ J grj> v^SI ^Ic- ^-*_iLa UjlpC .1 3^^..^ tJaS_pSI 3 ^^ O^LiVI 

33 dj dlljb 3 u 5 3 -0 ^' 3 .M V 1 ^ ^IS LaLall 4 -aj 3 Laj ^LaijjaboSI 

jl dllda 3 ^^ ^C-LaJjaiYI dlLadda-a < 11 ^. • ^-C. 3 adjjYI dlLadda-aj A^.j-aSI 

• IgidJ ^gk 3 ) ^Li. <Loj cdlUal^l 

• A_LujLojI 6 - 1 ^ j AjI ^ 3 ^ 3 -°^*^ 3 ^ AS^L^a-aSI 3 ^ 3 ^ (_>*3 AjJ 
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dll jjg Vlll U-n 1 (jl t^djJa-a ^^ic. l^J‘^»^v ^j-n a 4 

.feedback k«Jj 4-j.iij ^ , ->-> .. > 1 ^ j& j%a 11 t!>lia .^j^Vl 


Elements of an amplifier 

JUi :a^I ^oLuVl 


j^aUfr 1.5.4 

jj^aUc. 10.4 (JJJ 

£jJajJj . Aj^jI l~i\W (JjjS ^xilxAA Aq ^ AjAxj 6^^,A_ajUL<j j ^ 

AjjUaJj <LojlLc ^3^}Ja ^j-o -ikjJj t^Vl\l ^ lln3 ^ic. 1. 

bj^j!ii)j\ A^Uaj^ AiiiJa ^-iLa ^A t Aj^) 1 In^ . ^jjjLuAjaiLo 

^9 ^Vn <_£ ill ..^-^ (. tn>>u>ij Aa 1^. ^3 1 J■£ u 1 ^ J) ‘(ddddl 

^£L^J A-ojlLoll ^3^)la .\^..^k (jVI Lb-ll .AJj Clal^jjiu / ^jLuJI 

j! (j-° A-o^jJa-o 4_^-jaij A_j| CIjIjjI ^jjoj 1 nlc. Loj 

.^.^k ^)jy'n lil *Vg AjJ-laJI .^-Tk A_niail A_*j^lx-<a <LojtL<JI ^ic- JajlgJI //? ~n\ 1 A..u.]a3 

AjJJaJ! ^j <LojtL<JI (jJJ 6 V ' 0 

A_j^)l lilli £-a ^jjaLailA]! A-gjULa]I Ldl .Ja^3 Jal^3 Vg 0 (j-a (JL^-a]I (j-<uJa tdlAj]! 

.^■^k .iJjj] 6-1 iLc A^J^a L^ijk-a^J A_ijj_jj^]VI djljl^ll ^3 IJlc. (J-<ixlLajj A_L£jdj 

.ASUalL ojl^ll -lijjil cd2j]l i_>uij 
-O 



ll JijJt Jfk 


N s JUjibU Jyaj <U& ykJ njijVl j*J 
jiualt j jUi l^j>a£ (ji tjZajiiu 

.AjjUajj 4_ajLLa j taSaj L-Jaj jj Jlii j ■ ^ ' r - i __ r A | xkdal] duiLuVl CiU: 10.4 JSdl 
lilljj ijaddaJ (Ji.1^^ 'id. die. ^kdaAll i—illjjj 

^•s iJi.J ^g.'ig -n 11.4 ,<aadi (jl id.lj Ai^^al V 
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A ^ Ain td^dl ^9 a ^\x ksi AjjIaLo S^jLaiJ .l^jj . ^j.,u.\-^^)>Q ^ja dJjj-a 

^jj 1^11 ( 3 -0 d^-^J ^-llaJjujj C 5 ^J «^^pdl C 5 ^ ^a^^a 

J£ £j^.j <J^ ^ C dll&G £-d J J] ^llld c^ljdl ^ 10.4 

^ja (jJajkli J .11.4 J^joJ! (JjiaW ^-cJjaidl ^)j^a £-1 a! <L^._j-a 

6 ^)A±uiA ^ja Ailj^dl S^LuoVI (j-o ^)-duu2l ^)V_£li) Aj£^c <11 J jA A 

^A dLaj)\ad\ <LaLaJI ^Ajjliidl^ l a n^ (_£^)j_jjJa I^A j t^jjLiiAj 

6^.j ^ ^1a \ vJ^jl A 3 ^a" C-JuLIaj ^ja j .4 -L^.^a JS C5^ 4-^^aII 

d^l^xJI ^3 c(JU 1 a!I cJ ^^* 3 c > ^Jj ^ja ^)j.vSl 11 aja*j]I 

J ^ \X ) liA J ( <JjajLal^JI fiAj^Juj dl! jiLaJ^j! jji JlAjd^l jJiaII ^JA Jj^ 

l^)jj£ \/g (jl J] l^lajj .Jalj9 ^\)a\1 jjLdj VI L_iaj d^d! 

^jij iJ*> C5^ d-^*^ u' Cy* x ‘^JJ d^^pdl ^fd q\ (3^-^ dli tcilli ^ja 

d-^c- aIL^J! cdL 4 vi^aII d^ tI.(l^iiii jl ( 3 ^^ j^) 

^)J^aJ ^uo^)a d'-‘diJ 1 1 UC» Lol . (d^' ^>a 1 ! u^ AjIIc- dil d^)J ^d^)A 

3 ] c d^d d^uj dld^)j]l J (J^^pdl ( 3 P ^dlxll dldjd! 

d-^tJ 111 .<AdJaAll S^ldiVI (Ja ^3 Ja3 dl^J^jdl 

d^A*^ 3 ! (jjl > Ij U Ulc. dl^J^jdl ^LjjJb c > nVil 

# * 

. dLfl i^> 3 jP*-^pJ c<il£j (^ 5 ^^ U-J^ ^d j Cfi^j-ujlxo Lt-a jJrail d ^-^^)- 0 



lj! jUiuVI JlLuil j^Jaj .JaIj^]| ^Lu SjJd AjjUIa SjLuI : 11.4 J&d! 

.Slilld Llij djoL^I 
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Basic design considerations 


4_mjLuji A. 




Ci\ jUic-l 2 . 5.4 


Itipn j jILlu jjl Jli 10.4 (JSuuoH ^g3 Jlxill (jc. ' n>)»"nul lil 

1 ‘Vgg _j'J^v 'll 4j^)LiaJ LllmlmJ V s AjjllLa ojLuol ^ \ \ a (Jiv.,2! ^3 1 'in ..'n it 

toJc-lall «i& ^.a >aj .12.4 ^gi <Lua1I SjW <> 

<jl • ji Jy^ I 'jLpkjV I ^a Lia Aj^UaJI j)A j 

i _jjiLoi^jljlll .^,^k ^jLoli caJa^a R s ^ iia\1 AajULa 


' , „=-' , BE + V. 


(12.4) 


v s (Ja.3ll 'ijLaiJ 4jjUaJ ~ig ■%! ^j*s >^>ll jl-iL&ll .Ij.Wl' 

JA.U.1IX' jUj ^ojlj ^gi _jaJ ,’iVij% .iaaa VeE A tl^lLaa 

'•(Jj ^ ^ / c ~ I e 


V„ =V»-IR, 


(13.4) 





A aUia SjLuijj djLuij £a ^aj ja ^a-uaA :12.4 jLutll 


■ ^ •> L. *Qj^aJ ^ jLoij \ VgE (j' -lC-1 jS j)A 

S^La] (j^-j (jk^j Ikl9 *v v = 0 Lo-iac. Vg AjJJaJI 

SjLuj! tillkjj 6 (JLjjVIJ ^gic-VI ^jjAL^jVI ^ V b /2 «^-2k 

3^4 licO it^Ui . A.A^.^JaA.11 S_jLai! o j urn j)l <jjJ j)A 

(JSI V eb uj^ tl^.jA v 5 U3^ Ia^c. .<J^3I S^LaI (jc. 4 _a^.UI S^LaI 
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Iaa^ *(Jsl ^aLaVI _jjUajl 4^12.4 4ldL*_A]l^ 12.4 4jJm 

cj> V b /2 <ja y 0 ^c-La. jL£ 

Vee _J (j-° t jl j*n 'il ^)!^l ^jjjoi^jl ^ill qj5Lj tljlLai v 5 (j_J^ Lo-lic .j .|Vg 

i*ijL dtajj jL£ uV V B /2 (j-o jxA-al V 0 ^ u^ij j t-Lia 

d^ 12.4 (JSjaII <_$JJ • (jax-oll cr^ (J» V 0 <ajs] (J^aJj) ^ 5 -^Vl jUaiVI 

.^■■•Tk (Jx_^. (jl ^adiij Laa ^jJajj . (Jkdll dfr.^ £A Jjsl jIaIIj ^*s i»>ia'1 V Q 

5_ijUaj jlii^VLj t^Bdj *v s = 0 (jjfLi Lod^c. V B /2 IjjLola 

AjjjoU (jjdJ (J^aa (JUaA ^)j£l d^JJ j) V 5 (J^dll 6_jLujV ^ajaJ 4 Vgg 1VI 

dg > (_£ jLujj c " ) Vee j'j^* *^t .^.> tjd^j 4^1I1 a 3 dg ^ ^3 

tjLoiVI oL^jLj JdLJI (Jj^j (JSj (jl ^..>1 (j£-<aV tv ? = 0 (jjfLj L^dic. Vg/4 

4G^}JaLiiA (Jkdl! ajL4l UjSj Ls-lic-j till .^jiftVt oLdil-J 3V b /4 —J jljjj (jlj 
i^e/4 (j-ada ^^jljj (jl Jdjlll ^Jc. ‘'7* - 4^_jXil Y 7~' 6 J-dl J ■ ^^ ' V 
(j^uS 11 aj 4(JL«71uiVI ^jld ^■.'‘“ ja .; Vg j V b /2 jjj ^jdll Jla-a <j) .Jala 

. Jja. J J^JA I j 


JdJ AjoLa-aJ <£ ju : j * 2 1 fiJc-lall dill 4jjjiuijjl jlll dll <i> 1 7-i ^11 i_1. .o‘ ’ 

j_gJ l^jVlo».lml j 1 .o~v V’ 13] .jliill ^J-s .>>"l (jjj (j-0 4 -^}t>- '7g -N “U-iaikj-a 

A t >iq-\ ''x\ o jL4'21 £--LUs 4jtjLa-a LaAic- (JLa*Jjj!>U <Lla .Ao-sali. dll ^ni-»'l 

. ^g \1 Ag.1 laJjaiVI Jlj A^C-^ daJ j tl^jja-lJaJ 

JjxLall dll jjILoiJjl jj Jc. lijl a jjSjdall jLiaJ^l dll jliic-1 (Jilajj j 

.Ldajl jjllll (jjjiij ^11*\11 


The BJT as amplifier tildie LI! 3 . 5.4 


L^jV dlLa^-jJaAll ^3 CliC-LJI A-1 .)Sxai 4 (JaxIIuij 

1 13.4 (j5Lxia.lt «l^fknj o^)j-i£3l (J^.-ill AjuLaaj ^Jl*_!l (j^ ^Vi 


. _jjiLoi^jl Jill (j^j\,x**a^k ^a ^IdA ^)a 1 1 
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jii*j <c_j- 13.4 Jlill gi ce) Z gi jluJI 

SjIc. ^»ji3-i\ 1 lg \^c. (jj^j 1^1) A.jJa^k^UI SjjJjuj ftj.^'j ^ j!ll! 
4_i^,^L^JI 6^1 -ill ^-alic* Lai . { a jJa^vll 4iL]ai-a]l jujj ^lill CjUiaaJI g)-a <-<uSLouJI 
^j-k-aLic- c4j^)UaJlj (J*a^k'l ^LajliLa l_g_laj t jSjoi^jI ^il! £-c 4_l^x-aj-<JI 

A Lg. \Arsl j 6^)1 J Luo AjJa^V j AjJa^ ^-alic^ Jj-aj ^JaxJj 

djC.411 (_£^ *0^ L5^ ^iiskJI ^j*a>*a ^cillLaS .L_fl^uo^)jS 

I_J L^l^JjOUx]! 


Vcc-l,^-V c ,=0 (14.4) 




Hj ■npn jjioijjljil AjuLuj u.y j-^'ii (g . iii&L3l u^j^a »a ,>ia ^ : 13.4 Ji«i2l 

'( ) £ jiil 3 jlJ (2>« ii.! J^a. Jaa tliljK ia (jjj ^XUIJ 
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(jAl..os (Jj_j2 (jfLaJ i"ij% i oiA i-JJJjJ ojlc-Uj 

: ( _ s ic. ' iV ce j I c (jjdl.ia.yi (ja <jjfLall t_j—13.4 J£dll a null 

I,=V C clK-(\lK)V,. (15.4) 

(_jL]| c_l — 13.4 al.'iAt.ij (_£,i]l liJILSi ^jq'n«.a Its 4jjl*-a oLa j 

(_3j3 i_)a=JI .lad £-dj I . —1 /R l J^- 4 ^ is'-* 1 OclCl line iJa^JI Its) 4, J . a »> n 

4 jlrsV CS^J ‘ J jLau jjl jj]I j^Vi odsJj IjjLbbua] '.jjljj ^La. ^^dll (jAvlLuad 

(j<TS~'lj t(\4»~4l d-luo IjLWl 1 g (nd I c~V ce 4 " ^ l 1 " AijUaJ (JLaJJ j 

.lad. ^Jalaj Jalaj J-ldij .15.4 <3^laJI I^Jjajj 4 jlrs ^Aj ojlj 4-ijlj]l 

^g3 dkjj (jl j)£-aJ (_yill ^ Vs.a.all V cg J I c j»J3 ^^}d]| >^>~^ dlljW l.a £-a (J-a^ll 

^ic. ^^jll lillj jjc. Lad I'i-s'ij (jl (j^-aJ V a.'lg-s j jjlu^jljHI jliiS .^^)dJI ojlj 
I 1 a ^2 . ^Jaj (jl (jfLaJ ■ dal ^ ^)dJI *lg •s ^a)3 (jl ^dal jll jpaj . J<\*s \l Its 

jLiil ^J2 £-a i 10 V ( _ 5 ia. V ce = 1V j>a t (Ja=JI lad ^^Ic. jlda (_$l ^ t JHall 
(jliLa (jVI I\) eJclall jlij (JU=ia JdaJj . j L.t\ I (_gla. I = 4mA (j-a ^^)dJI 
j/ I .an* 1 . (_^l t(Jd2 ojLail 4»aj (jjS) V Lade. (Jxi*\ll Its ^Ic. d (JaC. 4 Liq'i 
(jj5».ill a Li^'i jl (Ja*JI a LL j a Anil oLa ^ (JT® (jjll 

4 <iaii]| sLa V BB jUdVI ajjLLj ^ aAIj .quiescent point (0-point) 

. Luji Ja^. L ^x^aVt/Q ^9 4_laklll cilL ^_2J ^jl (.^ A^jLaill LiLu^LIa] \lk jj 

j Aj^jUaJI Ji,^-2k jlilk! Ajqj^ g.1 A^a^unl ^jVI c_JjojL1a1! ^ 

^3 lj| ^yll Al^. (Jjiuujj Q (J-axJ! A j -lafkj 


JaiJI ^Jalij AJakj b ^ 6 3^ = ^ Lf^ JaAil AJ^lx-o ^jl AjLI^IaII A m.Vlg \i ^ ^ 

. 3vn\ 1 (Jda Jfl jLuj y 

^ jltaJl 4 V v — 0 (jJaA C ‘^x^V'lo (J-aC. aJoSJ 

(_^jLaU ^^-aLaVl )V1 > ^3 aIAJoII dll^aaull ^jl ^Jj l^)iaj . /^ — 5 ^/A oLlC-lall 

Vs SjUiVi (jli i^JaljS 0.7 (j-« 4-JjiHj 5.4 Ifo ^ dlljjau 0.7 

J^l jLiaiVI u' Jllall dJfljj-uj *>>Tl d_fl JJJJ ^3 

.AL^aixa V BB jU^jl <JjUaJ Sjlj (j-a Aolc,\i 
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!3jj .LLjaftll cilL .jJoju A-AoSLiaj 4j^j^\1 CIjI^Luc-VIj (j-aLaJI (J^jLuAI ^JaLall 
(JLaxJjojVI 4jIj ^)jJjuj^jI. liaJI (Jja.juull (j^AJ 6(_£_^)^l 

4 q!v^\1 ^\ i Luji 4 ^j'q u,^\l i" \\ jW \*W 4qIi u i ’A. Y W ^\1 (JaxJI 4jLla-uA ^JUIaSI 


.cj- 13.4 JSill <^a 0 < / c <4.5mA j lV<V ce <10V _* 

•Vqq = 10V Ia.^> AjjUaJ Vjl 1 tlJliLo V IaxILaI ^AViaH &3a (JLaxHujV 
R L (Ja^AI <ajIIa jllaJ ^ . (Ja^A! Aak (_£ .la.] jliia-V I I 3 a J.lajJ 

^Jaaill SlC* I c £a ^AalflJJj /^ _1 £j“\.\a ^icA "4d£j" ^ c< Aaa. ^)aJ 

% 

(Ja^II ,1a ^uAlj i(j3] . <*—$j^>xa Vqq (jV /?l ^AaUlil! A lag') ^JaaM ,v c jr l 

lLa-jJa!J (_)a*A! AJa^j jl jKl (jVI ^luflJj . (jdik-aj ^Jj (JaxAI <alaiA -liaA! 

JSjJoII V c£? = 5 V J I c = 2.4 mA -iic.) Jaa. Jajoaj ^ (jj^J 3 c 

.^Liijaj I h — 5//A jLull ^w*ia £-* (Ja^JI Jaa. ^Jalijj Aina. jl 4 l_j—13.4 


^aJjoiaI! ^\1 (j-al_^a ^.jAx^an JasA! A lag i -li-lalj (Ja^JI Aaa. jLiia.1 

S_jLajV ^nLaAl >^a* A\ <a.LuAI j AjV i.^a\ 1 ^..}A.^a"i jjA alA £ ja. ^A J .^a-xJaAll 


UjI UUJjjI ^lAI Alla ^)JC. (_£^>a.l 4-iAAAj-aJ dll jLncA 4 _a 1 (j£j ^3 Iaj (Ja.,21 

^Aj |j (jl (j^AJ ^)a!1uIa31 ~n\I (_^l^^l ls^ i .^^31 

^Sj c" n^k j (jAaJI Jak I3j c^IjaS . 6 ^jLujV 1 AjjjujJ ^C-UaiLoiVl 

(jl (j^-GJ J 6^^a. (Jfll ! jjlal jjl JJ (jl t^U3 (jl^ cJajJI AAlaiA (jA ^^ALuJI 


.<1aC- AAlalo (JaI£ A_i3 (Ja^JI Jaa. ^)a 131 ^ Ag a'I (JaIij 


J£juj ^ 


^x>ia1i c_jjL 






:(Ja..JI jLjj ^^aJI jUj Ajjoij 


c _f a _A/ C _ (3.2-1.5)mA _ 125 
i, AI h (7-3)//A 


(16.4) 


Aj±ia. CjIjju (_K.'.' Jft ( g jlij jg la tAjjja. sjUil ClulS lilj 

<Jaij (Jja. I b <jn> J) (jP -/c ^ ^ 

<LUa 3I di^jilkl ^lill ^jq\\ <__j 13.4 (^ djI^jiiAl &3& c“unij .(Ja*JI 
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<ja 1^. die. 121 >.^a ^221 u' ^-*2^ l>°j *16.4 

. L_l — 13.4 j£-uJI ^9 4 n i21 fipYl _J jdoi^jl ^)2I ^a,?u> (JajLxaa (JLojdail 

jaJI (jLjlili AjIa^J )j ill jLaJ^fl 4.5.4 

Self-bias design and thermal runaway protection 

1 'Aw 21 . I — 14.4 (J£j 2I 4 m21 (JLaxIluaVI AjuL2I &J21 ^JojI 

Aj^jUaJ A_d (jl (jjda^jLa J2^3 12 _J lg2j Lj^)dl Add ajujJI ^9 Ij^Jalj AjjUa2l 

(J-adid (.**n^>. Addj|J2l ^9 *!ja] I3&j 4 3-iVill a3& (jjj 

jW' ^ dlj!2l jxa\ A9U2! ^)dj2 S.1^,1 j AjAsu gAaj j\ AjjUaJ 

l * 

12) ^Ul Aj.^ 21 Jak (j-<a iVI ..^a Adi 6 (J£joJI u^ -0 L2 Ikkjj 

QA Aj J)^2I *n\I ^)9jJj •A-Sj-aixc ^l_Ajl Aj^)UaJ (jc> ^ \*'\ k Ml (212 J 

L-ilialij .fipyi jjlojjjl jjI] ^2-oVI jlAjVI a^a 7?2 j -^i (j2-ojtL21 
^jLoJj AA-OJ die. 121 Ag ~\ (jjl AjjIajI J2I fiAC. 121 A^A (jjfL (jl (_g2-aVI j)\jpJ^\ 
( 2iC'Ull a^a 1$jV jLajVI SjIa U7?e cjj^ ^ .J2j9 0.7 

SAC.121 ^A ^^2 L<i AAA-k-21 A1\a _J Jjjoa^jl ^)2I ^2jj jld 

^^Aax-II C_i2j2l lAA (j\ 2J3 J] (. q\ >>ij .do 121 A^a (j-G J2j3 0.7 J 

^1221 2)-° aj2a ' > ^j jjiLoi^jl j21 d^l2l 2'..^ *^V' dLajlL2 

Adj£2x2l $aL 2I Sjl ja aaja aIaJj Udo aji ^Lu ^jaj rthermal runaway 

J Aa^)^ ^IdJ cL^dojlLo ^aidd 

2jJ- 9 c \ 14.4 (J12! 6^1 j ^9 t21i (J>^vs 131 (j£l . ^jjjoi^jl^j2l s_2d ^Ia s^j2I 

c^^-oLoVI jLajVI ^a (jdidj jL2l djjV A -sjVi i?g >" 

.<. qVi\I (j-a I^IiLaj 6 J2I jl jkU ^JJ jjjjai^j^ j2l ^)L2I 


^Iu9J ^jt (Jj 9 ^)dLal2l jldllj A_x-alA!l ^Ada-21 L_dl_^A ^*2 ^ 

dlC-121 6^)12 (jVl Ad.ij c—k ^juj Lo 13 a^ .Alilajujl^j S^jLujVI > s-\\ I^j^l9 
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Vi . ^ ^ II )~3~n V Wm .1 14.4 ^_3 *Liiia]I ^j,Ja j ^-ail 

;|—14.4 ^Ae. ^ ^(j_yjls J^uladj ^.a-v-all 




.(jjijil SjlJj ^iaia 'j jv^j . jUiJVt (jjli ^jjiuijjl jj ^VfH (!) :14.4 jLu^l 

3 .i).i j^il .^-i. ij’| . jmm }] Jail! ^a, 4jla. , 5 Jl Jjjdl 4jalj 4J2lia jasiuta jLjj sjlJ 

.(‘i _ - qa lualaJl J^sad! Alaijj J^aaJI iai. *-a tj jioi jj) jjJI 


232 




1 


(17.4) 


/ =. y cc 


-V„ 


^E+^L ^E+^L 

\ ii IaS^ 0 14.4 JiuJI ^j-3 fiOax-o /?g ^ V cc Cjj 

* 5- 

^jlTiikj (jl c > AJa^j AjAaj ^A n Laj ^j^ajlx*aA. J-aaJ! 

jLiaJVI SjIa j .I b —17 //A Ajc. (_^l 6(J-aaJI Jaa. L QxAn* ^ 

Ag^. ^ 1-1?') ^Illl AgjaJI Aj^aJj SjIaI Aj 31£-<JI (J-Ujft SjIa £jJaj tM-ajalt lilij ^ 1 -dm 
J fLlll ^2 gjjxall (Jjjj ~lg Al IjJfrl IjJ liA ^ \.,-n ; c . jl j771 

s j4? I 14.4 (JfLaJI .'ig •%!! (jc. 4 jJsIji!1liiVLj . <—i 14.4 

2^iLlLuUj t!^jl Vi (Jgjoll ^^A ^^ill 14.4 (JfLill 4 n.ult OjljJI ^^ic. (J^xikj 

: (JiAl <ali. “Ujll*-o 4jti£ 


y 


Th 


■ ^ [ , T + V be +Ky! 


(18.4) 


jliij /?£ A-ojtLJI ^ j-gj (_£a 1I dic-Ull jLjj a1aI*-<JI &AA ^ U/j§ Aal 
(jjjLnll dal-i 4 JaLl-<J! aAA Ja-ijoi-U ./^ ~ /^ J 1 lAa^pfll ^1 <.£~a~\ -ji 

AjjLnll 4jj^3^11 jjj 8.4 aj A■ «aHll “U-lla-o JLa*!Lulj (jjjg ^ -ill 

jLiajl jljj ^Jc. JjL-a^ja i I = pi t_$\ 4 ( jj]jg-^Jl (jjj Lsj 2 iajjj t^adiaall 


, _ V-m-V* 

1 u 


/«.+« 


(19.4) 


Th 


xn . (^ A.Jrafli AjAVil (J-<ixlLajj ^jl i > i~nj is^ ^b fO Ak ^ aIaIjl-g ^A &AA 


jjix*jjj| Jjll —0.7V j 6i? 2 j /?J —I 1 . un l i*\ l jblkVLa j V 


Th 


Aj^j 


I c -^L^aj (j^-^ A^'\] LoAjC-j ^j-ajL-aa. A W*V^ j 3 LJ . j^dLoill 

^ajL-a^. S^jujLlo L<^j^l^)kj jl ( 17.4 /3lb C.y* A-la^j Aic- V ce J 

(jjn<ft\l ^jLoJI ^JaL<JI ^.^.AJa-Q ^iLail <-qj ^jl Ja^V) • <la^j Ajc. £-aa-<iII 

^jc. ^Jaki3 .^ — 14.4 (J^joJI ^ ^ajJa-allj f 13.4 (J^joJI 

.(i? Th =i? s j y Th =y BB '^j cPj& i R e 
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A ^glaJU Igjl Cllilij I - '14.4 JfLuJI ^9 al ]n* -all ^aall jVI (J}S.lj i Sjjui 

:Uj^ 1 .aAball 3' a *-^ 

^ Th =4-27/(4 + 27)-3.5kQ j V Th = (4/(4+ 27))-12 = 1.55 V 

l__y ajl >. 0 + C-il j'l*s + (JLaatJjujLj A I j \ / + 1 . aj.lt j-a j3 ij-alc 4w"nj 

: j it . Aa -41 

Jfit P = (5.9-4.6)mA/(100-80)//A= 65 

. JL-1 yff = (2 -1)/(0.04 ■- 0.02) = 50 

j3 = 50 +Aial! a3_jaa_jxs A l->qi jl j 


l b =(1.55-0.7) V/(50.1 + 3.5) k Q = 16 juA 

3+ (jjLuiJj . Its l_qi.-lTl.n (jas JaC A IjlA 1 IjlrMj 

+]jljuaJI (J Ia» . ’uu Ljj . I = pi b = 50 • 16 = 0.8 mA 3 A *lt +lasj 3ic. ^a-s <31 

^a-sa'I (jjj ~ig -sll ij^rs' 17.4 


V„ =^cc -Ic(R E +^l) = 12-0.8(1 + 6) = 6.4V 
. <Iaaj 3ic. ^ a's <31 * .-ns (j<s aa.j^)3<JI £-a ^asll a3A (jjt l+^J 

.-^js . VI ^aLaVI 3^*^ jjL-jjjl j3l (jl 1 tjnjl (_jaasj]l 1 T]5 <iJ j 

I 3^-21 A qls ^3 ■ i(jjjls ln» j 14.4 35 .'.7 3La*jxuU 

V be =V Th -I c R E -I b R Th = 1.55-0.8 1-0.016-3.5=0.75V 

^ic. .’Ig si' Ja^joA (jl Jaa,Y - j'js iVI ~ig s +ai 3 (jo 1.1a. +JJJ3 +<u9 a2&j 
Ajialjj ajjj-aJ jLlaj'j/l .Igat -1 Wn ‘O^j -'.la. <3 A*aj oJftlall jlij jjV 3^+° Rjh 

<Ljl asII “LajlLa >II iajJgJj lj(, J (jo j J)5a 1I ‘'.g sll (_£^}2 ao 4laml^j 

jLaJVt jlii (jkaj 3 ^'^' ajl-j (ijSJ tjpl • (jljlall j)-a 

.a-lc-lall ^gi ^js >^>ll 
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131 > l**v *.^a‘i \ V&A 1 ta, linn! ill ^ Ic^- ^uJauJI a Laj^aJ -l*_Jj «(JVI 

(J-a*ll Aisj (J/j tS^) l —1^1 4(Jaa.3]l CS^" bjIajoJ 1 Vsill 


jjj / ^jiLil jLij jjimj 3 t (0) AlLujIj j^fLa 37) (J.a'vH iaa. ^^Ic-I jjj 

®3Aj 1 1.7 mA/37 //A= 46 ^iuJaual! (jjLoiJ 13] . jAjmaJIj JJfat CS^° 1-7 
(jxu>i iLjla ^^Ac.1 <iaaj -lie. i." I Wu-s BjAaj/l AaUsII jV 4 ft = 50 (j.® J* .A “LaaS 

"^_l j 4_i1 >>i->1j . Ag -s j Ax-UaJjail jjjj 1. >ijl -i-s -all 13 a >_< . .o"n . (Jaui]I AiJaia 

• / h (Jia-lSI jUjj (Jakill a jLil £_iia .IgJk jJJ Ai£)l*JI V jl i _ i-nj Ag ->11 


lulialia A^a.j (j»a ^^liLal ^AC. j^a. Jaa. (JlfLall 13 a ^3 Ujikl Lijl ]■>•'».V 

Ajjl j j3 3a_a. jA .llaJI (_|aaJI Jai. (jl .JaS9 AjLai]l ■A.'43-a '.all (Jiuil ^-3 jaa AjY a3Ajoi]I 

a . 1>j . I h =100//A ^jjaiall Aa£j JAC. jxj ^1^1 (JjLo 

4-<u3 (_£l Cy$ _1 A^.I'v^q <L<ua (JLaxjjoi! I2& (Jxt'sll Ja^. jl L^jJalj jjfLa (jl 

.Alatill Ailalall JftV lil^ ^1 65 ^ai J] ^ J 


Fixed-current bias jUL jLaJ^I 5.5.4 

JJ*J ^aC-jJ a j3nu.a (J-aC. Ajakj (jjLoJI JliLall ^ ^1311 jLiaJ^I bjIa J^JA 

(jjll alili>l2i.VI t, llnii jl (Sjl^pJI alll^,jA ja*j 1 . '_'■■■ jjiuijjljj]! Cjllaxu_^a 

jUjjl £-a Lu^)SJ 1 j]ts j8 j / jljjj t^]Loa . 1_1 a£ A Vi 1 a It «^Ua1l jjj (_lxA32aJ 
jfLaJ Ajli 4 jAAilA jjC- l^.Lljjl j (J-a*J! Aiaj jljaLail jl£ 13li .ajI^jaJI 
(jjl^a]! aJc-la]l jljJ jpa t^i'l j3aJ AjaLoull aJ uJUa jl j*s \\ ejlj (JLaaioil 

. A] 3 (JliLall j .Am a Ja£ A liVll 


6.4 JHa!1 


jfc Aa 3 (j^axAjg'I j 1 14.4 Jidl ( _ ? 3 jjxall liljlAoll allC.Ll]l 13 ^•~v.>»a]I Aa. 

* 

R pg oAl^.J 4-GjlLo C** ll^y^Utll diri. cl 5.4 (j£Jd\ ^ 4jd^aJl cillij jLp-jVI 6 jb 


^11 >/r\ (J^^ll iak .dulil]l jl 'ij/1 ^jIjj 

(J£joJI /? L = 7 k ^ u^‘il (J^^ll <LojlLo clinic. cj — 14.4 (J^joJI sUax-^11 
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_jLij Jaa. ^ic. Q (JaxJI aJo^j (jj>i^j j .4.15 

d^C-liSI <L-aj j! ^Jl 16 (_£ jLujJ 

lil .Jal 0.7 <_£jLojJ CllC-LJIj 6.}C.lSll (jJJ “s'l (jli tLixiLal 0 jU'u (jl ^. 1>J 

l J)1 J *1^1 4_x*jULg (_£jLoiJ (. > VNJ 

R FB=( v cc~ 0 -7)/l b , Q = (12-0.7) V/16//A = 706 Q 



. J-aaJl 4 jaSj i.Aaj jtaaJI jUj J? fb ^LajULail <jlaj : 15.4 JLuJI 


^giiaJI JjjlLJI jjlujjjj jj JLajlLui! 6 . 5.4 


The FET as amplifier 

ajjIjjII a j31 k^xA «k\At u s*\ FEX_51 ajLuLj 

(_ £J^-1 <• (jjOraTiU 4 a&Lo 1I jLlikl -BJT 4_i±LSJI 

ft«l^j jl Aj^jUaJ jUlk! till 3 . ^^LoiaII jLolL A 5x^a51 dll 3 L_ljl^^]! ^jajhVi 

ft^E ^aJ t(J a^ 51 ,Ja^k J.ld t—a ijjuj ^lill A-ojlLc -ll-ldj t^LoJ^La Aj-lij 

tdUoxjjjJl jlii^.1 ^ ftjjuS ^SjJj *W Aiakj jLdl 

jUtfl cdlj^ ^)ax.^V 1 (JLoj£I .l*Jj .Ajuj.Vig 51 L_ul^ ^Jj ^jill (j-a 5-45-C. ^Aj 

. dl^LxiVI IjAU. ^^a^iaII ^ b^aj c^ajjawJI 
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BJT —51 (jc. FET ^Ac* 

4_a.li!ill .•% ^Ic. A<U«J (_£iSI t(J-a~\\l Jstk. ' ' ~ ^ ' jjSLoJ jj.}*_J .FET _J 1 13.4 

C.j .FET SI (- ^ ^_uajl >.o^ C3_J^ 4-aj-ujJ ((J.a-k'I 4»ojlLa ^ic.j 

(j^ij»"nu’' t jlJ*v ftU <1 l^3Sxo <jjUaJ (JLaxJjgil l _ 11 Vi A_lxJj (BJT SI 41Lx jl jC. 

(jllilill ajLoJIj jl jslLuiYI Sjl-iJ I 14-4 Sjl-iSI ^jjljJI jLiaJVI S jlj jc. 

(j^ JFET iJaxLuii I ^-s >>i^ 1 16.4 (jSuill c5jj .FET SU a >^->1 ■•>SI (_£jlj^JI 

•n olia jj jjioi \jljj jAj (2N5459 jlJaSI 


JaxJI Lx 


jLpJVlLx 


jUlall A»xll Lx 


4L&j 


i^x JLmlLuAj <U2l£-a ujliu jLu S j|j f‘ w,J . j jljxJI FET .- A..'y,» : 16.4 

L j*ajlaax (j)j Jj jxlil (j^jLyai. .(<_)—14.4 jLuil! jLi!) Jxii) a jli jjjjij 4_ajULaj 

■n Stitt d j 2 N 5459 jl > JFET -SI S >S 

A^il - 1°^H JjxLaSI j jOjjj jjl jj <SLx ^-3 1 al"'-^ ^ IajLx. “Loll (jl Y] 

(■"lljW'-a^l -IC-liiSI A ../'l FET _SI (“'I CIluiJ) BJT _IS ^jill liiSj qa 4.;Ji-sY 









^ cJ-dxJI ii&j ^ill iBJT_ SI C"^ u' ' ^jl ^>£21 * 13 (BJT _SI 

4-Jak^UI <Illjt_A]l ^A S^JatiAll FEX _SI Al^ic (jl (jja. 6 /J = j3l^ 4i£AjtJlj 

(JIajcIujI \ n^Aj c^JiIjlaSI &2& 4_iIa^V AjjJjaiVi ^iSI .l4jt-A.ll ^}±^JI L_li^lilj till .10.4 
A-la^j 1 j. Wi\ ^^iJI ^gajl >/ts £a 10.4 4_Illjt-ASI CjIjWiaj A 1*a*1 aII (JjjVill ^gajl x^vs 

# >5! 

lia. 4 Ja» 11 4_uliSI (jl Vj *<1 LaaSI ^ Sc. A-ijLuSI AjjjliSI dlA lcLai . IajLij (Ja*JI 

iScI (jAiS FEX _SI (JaC 4_Sal3 ^jaho‘ 1 (Jjt Vi ^jll 1 II j <J^)^liSI <4j^Ja ^Jj $. _^1SI 

.BJX _SI (JaC- A-Salj ^jAx^aJ (jA l^)Jj£ 

61 — 16.4 Ji^ll A ‘{uaII SjIlU jaJjoiaSI l^JI L_ljl^. ^jawtTi (J\ A^V 

v 5 £ii<2l SjUiy jiStS <aj uj^ VI <■. i>jj .cjIajISaII £-ia^ iji^j c_i^j 
» ^aj-uiaSI i^-aJI 4_i^.lj (3 -0 v s ^ i iaII (_jc x^iaII (J^*j I ^j 6 jiLuj^jl ^ill jUaJ 

Jaj^JI 4 4l^A (jAjJajj .^4-^,J^4-0 JAlatx ^)LlJ C -SaJ^)ll ^ 41^ A AJ^jojI^J 

i4 41^a 11 alA (jjl (j-o3 .SlCtill Vj V ^)aJjaaSI jl"iVI ^)Ijj (j! 1 >^ijl cilSj 

.siciiSi jl L-jUili (j^ V-b ojLaiVI JJ t_i&l (jl jLia^jVI jbl! j£-aj 

.1g -s' .Ij-s'l jLiaJI (jl -lij & ^-i 16.4 JiAl) l_Sjj-=ua]l (j^ajL-ai. ^J oJ_jxlljj 

(J.a-v\l Its jaJ (_^J . (J<\~s 'I Its ^3^)1 -la.1 3.1aJ liAj ‘V DD = 10 V _jA 4j^iall 

: jia.1 t(_£jl*JI ~'s '^'1 ^jje- 


K l +R s =V' DD //,„=10V/4mA = 2.5k£2 


(jja. • VI J V^ s J /(/ (_^A (Jj&La-o Aj^Ij tlh^ -Oaaj AWTl j 

(J^aJI A I->qI (jl AJjg >ni (j_jj (jl I ~i(i _aj.^i^II ^uajl k/is (Jj_j9 J<\*sII Its j 

jVI I Vi^oj j .y ?s =— 0.6V j iV ds =5V j tl d =2mA Aic. SJjAilall 

^ill CjLajlLall ^03 jla_jV i-JJjalll (jjl jla jl AjjLull (jjl jUI La] (JLaaioil 


.0 Jj) uUaII (_Ja*-II A Isa’l 


bj LjoVI djl^jjiu (JjSj LaAic. Lai .a^u^ll dlljLaiVI ^>J~n ^)ua <1x^1 FET _11 (j-ajL-al A.jJalV <jj 

jj£j lii .AjJg^ Ujlik.1 ^Laxla Allala ^ ,lVn*s j*^aj.i (JaxII (jV ‘^Lll^ ©jLlVI »jll te^ 
i bj LlVI L “ J ^ l.ll^TkjJa^ll (j-a I (J^l^all ^ A-ac-!>La Ji^l FET ■ 
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Graphical method 


SijUl 7.5.4 


oj|j ^Aim-all ’Ig -sll CjUa_jl£J Jai. 4_Sjl*-o .XlaJJ 

s= > 

c_ujjj sjIoIj .y DD = I d R h + V ds +I d R s —) ls^ 

\ 0jjj Its aJjIx-g A x j >.s~x .la. Ill aJ^Ix-JI oilA 


V 

j __ v DD 
t j 


^S+^L ^S+^L 


(20.4) 


Jaa ^Ac. J-axJI AJaBJ JLj. wMj .^^)a]l ^j-ajL-aa J^^B aJjLlaJI 

l g jlc. (J^-uaal! tl—_jLlJj > (j^ (J-oall 

_j LjJ - 16.4 (J^ > mA ^B (Ja^lll 0^)1 J Ag a dlUa^jA ^'j-aa-a ^ 3ax J .(Ja^ll! (j-a 

(joilS ^ jA V Th = V DD R l/( R \ +R -J ^ ‘^Th=^g, +/ ^S 

■ •>" JUa) t (j j nqj 4_ojlLa i? Th = R\R 2/(Rj + R ->) J 

^JUjlaJI e3A Jxaj 1 n^.aj ,1njT .1.1a. (J/n.o FET _II 4 j!jJ jLjJ L$ /„/? Th 

I J-aaJI Its A * ;. .-n ’ 


; ^-3-v 

«s «s 1 


(21.4) 


iaa ^Jalajj C-Ji^joj -lllua . (Jjjadll (j-ajL-aa J}^B L^ajoj^)j 
.^ — 16.4 (J^oa\l ^B ^jjix\l JjBj (J-axJ! AJaBJ aw 7^ (j-ajLk-aa 

^ic. (J-aall _laa ^JaUiii! ^lia LjBBI (J-axJI A Ja3*l JaULojjjj l /^ j V 

A_*joI U lia j j .V rfv jAajj tj- ] 6.4 Jluilt L-S_jj^a^l ^j-ajL-aa 

7?j dlLojlLo]l ^jkj (J-axJI AJaSJ JA Wl 6 21.4 _jl iVl J-aa Jaa Aj«llx-a 

. I^ Ax J-alflj AJaBJj 'jLiaJiV 1 Jaa. Jxo /? s tlx iJ*a . j R-> J 

J^aJt 4Jalj <—uj^]| A&jjh 8.5.4 

Approximate method for the Q-point 

s 

aJ j^mJ R s j R ? j R t ^ SWu i R Jh J y Th J (Ja*JI <laaj jlikj LaAic. 
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:(t_j-14.4 JSil! jJail) 

i? 2 = ^Th^Do/ ^Th J ^1 = ^Th ^2/C^2 ~ ^Th ) (22.4) 

iiaJI ^ = (V Th — V gs ) /1 j • 21.4 <bl*-al! j^a lij-ilj 

AjuLo-O (J* 7^*1 <-ajULJ! jV ‘fj' J4^> ^ 7\ h uj^j u' 

V^ 9 _J Aj^)ULa ^Th ' »A-j.lx’ill (Jal <c.U=lLoiI 

jl jj^all 4 _ llni ^)=J jjlui^jljJ j^a jjli-VI <aj 3 Cuallkl 131 4j| 

■ 4jj» >^il CA&yCl±^\ till: Jj&lLa ^^aij tejIjiaJI £-a Clljjij 

7.4 jim 

Jlic. Ja*JI A ]->q'i .'' i n'i l 16.4 (j£4ill j^"'...',^11 v ,g '\lLa jl jit ojlj ^ax^a 

.R l +R s = 2.5kQj y DD =10V jjli Laio v gs =-0.6V 

: L5^ ^ ^Th — 1 I' 2 J ^Th -2 'Jt-j-a 1 4_<uail jl ^Jaaj 

R 2 =1MQ10V/1.2V = 8.3MQ 

R l =lMQ-8.3MQ/(8.3-5)MQ = 2.5MQ 

.R s = (1.2-(-0.6))V/2mA=0.9kQ :^>-~JI <* j\£a (jjUij 

(_£jLaaj 131 . jj^al 2 (_5 jLuU (Ja*JI 4_laSj _}jc. i_9^)>.o.all jUj (jl LjjJojjSl 

b3Aj . R l = 2.5kQ —0.9kQ=1.6kQ : lgJLa*Jjoi l 4 ,1->J c _ s IlJl (J-aaJI <^ijlLa 

Rj h _ S Ja]_j3 3 J 10 t(Jl!Lall (JjAau CS^C. tljjikl _jl (j£3 .kl_jk*-a 

R 2 j R l djLajlLJl 1.8kQ J 33.3MQ j 14.3MQ Jc. \\\^\ t V Th j 

(Jx'-vll <ajs jjl i. iUvVi R^ (jl I■ic Lajfl I >J-ijl <Ij;q»..a ^jS j 4 R s j 

.a jUVI ^J-S LialSi laaJj (jjsaaJ V I .la. a jj» >.o AxojS b3Aj (JaSS 0.6 kQ 

l-l^a. R 2 j R j (jiLajUL&ll (j* j)jfLa]l , 1g ■>' ! Igj^x i jjl ^c-jjj 
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Jlg3 (jl jA L_liuJlj . ^AAa] 1 A.A.ai'U Luiul jLajj AjI_ja]I jli 4Ajlj2l ^gic Ia 3._JA 
o^c-lall (J*3A La IAaj 4AjIja]| -}g3. (j-a A-lAa-A j!iSI ^^AsajVI AaiaaIL £AAa]I 

A.nu'AL AjIjJI -}g3 -lau tl — 16.4 ojljJI ^g3 jjibulb .^aaaAI Jl A..u>dlb A_uLa jiSI 
I^jLaJ Jl A...nn'Ab ^ n.a'1 ^g3 (jlj tV Tb =1.2V I J] 


I d R s = 2mA0.9kQ=1.8 V 


: UJ^i '^J 


V ... = 1.2 V-1.8 V=-0.6 V 


gs 


- ■ .all jUa-jYI ~lg -n jA IAAj 

^3xa3a 3I ^lual 4 _A3_1L A iL’i Ul 4 _aa|_ jiAI ^-»J-a>.o'l JajSI jl Jbtj 

AjI_jJI ^^Ac. Vj AjjliLa (Jaj ojLai] £AAa]I i_- lac-l Ijli .(Ji>.Lll OjLuol jU 3 ■ 3I I^Ala. 
Uljiaall (J3 jL-33. ( _ s 1& Vo ^jaAl ^>gJa 4 (_y=L>\ > ^T‘v (jAA^ll (jjSj 

:,_5jLaJ 


■-v 0 /v g =a.5- 2.2)/(-l - (-0.2)) = -6.6 


r^- 


lS 1 


180 (_£_$LliU Aj^jjJa A 3 IJ 1 J jj^jA 6.6 jl 1 L 1 ojLaiL/l 

4J3..1H Pg -v .laljj (jA3 ^^=*AI ■''i T* (_>^Laa^ “UlLaAl ojLuSLM I g ic. tli^jAC. A_3jJ 
L gls- AajlgAI ,1g -s'l (j! J3J (jjSiiSLi .La J3. Jl (JaIaIslaa US UaS 3 .^J3 wa (j,uS». 11 j 
<JaA R s Jfr AajlgAI .1 g >1 1 (jV 4£J3 Ag3 UJ^ 1 ^UaII AA 3 .j]I ~lg>l l jA /? l 
:i_j— 16.4 JSjaAl J ^jiJI Ajjla. (jAa. IAa ^.JaUj ^pAI jiga. l j* U ja. 

1 VSoj . R l Jc AajlgAI jjiLall ,1g >11 Aaa LajJaA V DD CaaUII .'Ig >11 jA V a 

— 1 /R | _J ^ Li* ,a aAaa i_JjLila Joa. Aaa. ^joija ^J*v >^-»\1 ^jjJI (J& ijj) 1 " 0 ^!' 

(JaAl Aaa A jAiim ^All ^J*v t.nll ^jjJI (jl tillA |^pa (JjAJJJj . 1 Ja*AI A L)V ^AC- 

G =(7-3)/-0.8 = -5 
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MOSFET CA jjiuijSjSfl jUaJI 9.5.4 


Biasing of MOSFETs 


£yA ^ j> *u^va\l J^LJI L. Qx^a'i Jj*-Lo]l ^)J <j£-oj 

s^l j JLa*HujI DE MOSFET <>. u^Till Ja-oj J-oaj t^j-Ax-oll .^uh^I 

4^jJa_jVlj ^j±i (Ji-ajJ R 6,^.1 j L-ajLLa ^ja C_i]ljj AJaLoull 6-llAjuj j )\il 

_j jLuj^jI^jj]I I^A ^3 (JjjjViti ^gajl ^jl J . I 17.4 (J^joJI ^3 (jjJ-oJ! (3^J 

jl L_L^.j-a Lj!(J^ ar-uollj ^-ojojj L_r~17.4 (J^joJI ^k A nball cillj Jjj 3 ^j-a ^Illl 

R L-ajLLJI La! . —0 *AiC' (jl (j£-oJ L^-axi! ^JaSJ (j! ^ *\aj ILa j CL-llLui 

UIaC- ^>-oj jLj (ja La <jl ^£.ij .ilxfl V = 0 4-lc.L^. ^iwalL g LjI^jJI JaJjjS 

Lai . (_^l 7? ^^Ic. Jalflj V ILlj ( dll j jluj^jl jlSI (j-a ^ jaII ILa LjI jJ 

(jjJ Ly* C5^i Rg ^ 44jI^aII ^lc« 4 Wajj ^£l^)jj Lade* 

£ 2 Ji 

y DD =30V -lie. >.o.all IL& 4 qq-sj L^^ll ^J^)ll Lai j .AjI jAI (_£.il (_jl (."i.W' (jl 
(_5 jLjjj LuLu aJc. Jjj-atiJI (j^.a.;s t /? L = 30 V/4mA = 7.5kQ j 


(j! L^l tfl.le.1ill J=ugJ £ 41*11 -1$-?. (Aa** (jl iaivV -G =V 0 jv g ~ — 6 

4»<u3 jjl j^lj tl«la. Aille. Jjluojjl Jj]l (Ji.1 A*jLa-o (jl ^^Jl I jlaj^ V s ~V — V 

• (R g > R s J <_P='j^' A£*i ‘fJ Lt-Loll (Jl-^-a ^3 /? (j ‘LajlLall 


jUaJVI ^ajlLa l-umj ^aliaJI 10.5.4 

Loss of gain due to biasing resistor 

l ogloc . ^^liaajj FET —3j BJT —II jLi^-il R s j R E ^jLlajliLSI JxaL 

(jc. ^ ^~\LL1 CjI jjlujjjl jiSI dil !-i > .i diliLLizJ (J j*aa (jL^alajj t jl jfii > ul aJL^. 

djljjijj J5vj ^l<~- Jjloijjl jjII (3-aC. JjLjj) ojljaJI Aa.jJ dlljjij 

VI .(Ic-jjd AdjJiilyi jt.ol 1 *II i_alj t_iL±uil jj£! jA ^jl^sJI jl^a.Vlj tajl^aJI 

jjKdll jLj ^^a>J :Ldajl ^ (j>iq-s~l _jlj^>'VI “LojlLa (jl 
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iVl jULo j /? l (J^arvll A-ajlLo l — 16.4j l 14.4 

JjAaII ,.\^.,^k (jl 4 ^jaLq jlL<JI ^jjjIa (J£ A-A^*jJa-<JI 

.iAa R l ^J\£~ jg^. lS^ 



Jjjaail (j-ajtuai .DE MOSFET jjluijjj jj *U2 JajlLuij (S) : 17.4 JJuilt 

51 f 

A a\*sia AjjUla SjUilj J^aJI hL (j jj ci j<^a 1I ^ (^)j 

lAAl jjuq cV ^b (_£^ * ^jl^3k.iV 1 A^qjULo ^ic. ^JaJ (^$'^\ Lol 

t^llj ^Ljajj jj-uj^jl^il! ^ W ^alaj lilj IV j lM »^ > 

:! — 14.4 (JS-uJI ^ jjlui jjl jllll ^Jj jjl jll Ag-sJl (jg jLau .^L Laj 

^ =V, -v, (23.4) 
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(jc. A-aJ.il! ^AjlLaJI AxJJI Ajdilill .V B =/ c /? E (jj dl 

^adda-all 6 Eg _J LaA 4fi-at-all j tJddS! Aal^, Jj ^^)dll ^ ^j-a ^3^' *43^ 

L-iiJiSj . Jj*^all LjjLaba R E ^Jc« -^JJ! ^g-JI A_i3 (_£dll ^dda-ollj AjJJLa 

jl /? E £-a Ajcuil! Asj£-a J-aj ^J-aJ tAxJ J! Ajdxill &jlA 

till jj . Aj jLilall ^jLi^S ^jVI JJ Adaidj-a A*jLa-a _jLai-a (jj^£lil /? s 

d! JdVI (J^adj LajS ^jJajVI J] FET —SI j! BJT —SI £-oa-a ji-ajJ 
Aq ^^aSI ^jV c^-ada-all dg-JI Lad3 LajlS J-idVI 4-ajULa (J-aC« JlJJj fc Aj jl Yd SI 

.^aJjauJl J_nl3 A^.jLa ajj AdC-^alSI 

4 Aj^LujI ^>J*s k^i\ A_li_J V ^ ^..Lba £-a V ^j-a^-a BJX ^.urax I 18.4 (Jdail! 

^jSjoi (J-aC. J^ddlSj .A-adda-all a JjaiV! 1^-iSja Jc- ^ /? E Jia. ^jSdaJ 
C. flx-iJn J J jj-aa. Sj J J 131 ^j£S . R £ Jl <La.La A-aJ 4 ^)-aJjai-all ^)l_£lSI AlLa. 

C£ ASjda ^-kJa^J IjS . I A^jlLal! aJA (j! L_Laj ij ^E ** • L Ut 0 &j)L ujVI 

ftJjiVI dll_jLuS l^dda JLaba C E J Jj .£jjdl! As!ida ^-ajd ^/? E £-<* LiC-Jj 

V 4^)-adu-a]l J_nll Aa,jdLa Sjj (J-axj C E (j) JJ I Jai (j^l 4^jdjVI Jj AjjLilall 

dl gi<dSI ^JjoJ J jjda (Jjj-aSJ (_£^)a. dl . ^-aluball J^dda (_^iSI iVI jld 

d J .Ldajl 1 1.4 (J^dSI <3.2 JaLall ^9 L_Jjlj!Lall JjjI! J ^-aixu<a]l 

£_lAa. jljJC-V dlxjgJI J (_ia.^SI ftjLoll dlj^JJ q \ LaA LjjJajjSl 

ks-i\ \jCOC Afli^all AJ^^) (jl 1 _ 6 c5^)^l dLal£j . J-a3 

A) JllLaSI .6 ^jLujVI ^ A_iaAI ^i_x-a! AaC> A-ajlLa (_^l ^j-a l^i^ 

I^jLdiSI A^i^a A-<^ (J Lajl^ AJtSI 4-alxJI S^olaSI 


.*lg -v\l jjl£i I jjj 1 a \\~\ ^>~n x>»x>\l ^ Ajl^,I^)1I AjJIxaII (Jj-aiaj ^ 

a-all ^JAic. .<A^.j-a 4 jl^.I^)1I 4j.^»*i\I dlil£ \ ^x-a IsflljiLa 

dljl£ tl^A£-a (JLaxiLajI ^^3 I31i . _jl^fllujVI L^° ^ V Utl cJ^da 

t_JjC.^all ^j-a «. ' < a>^->Tl3 ^^>11 (Jlsj 'dLmll Ax^.l^)ll A-j.^xll' Lai .Al^jLa 4jL^.^all 4 jl^,I^)1I 

Ijl jSLoil JJ^I ^>-n >.>>x> i _ 5 ic. <xa.ljll <jJlaLi]lj (_L-aaJ 4^>liLa3 . dlLaiuJa-all ^ !^)J-& (J-a*lLaU ^gjll l^_j3 

= a c c e 

.ojl^pJI dll jajlIj IjjL t3l 
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(24.4) 





jUj Sj!j (i—j) .*Ujl Y\aW j Sj^lLuLAil di! jLul! lj!jLuia A_i2 (i) 118.4 JldJ! 

.4 l9lLa l-jjUIa jUj Sjb .4J9tLa j-aluu-a 


^)jc. _jLij I.AAj die- dl]jj 

1.^.'^ !<^_jLaui AiJaj ^9 C -LlJ^)1I ^^jJj .^jL^lill 

(JJJ J C J^a]I (j-0 ^)-<Uj>JiA]l ^)l_ii]l ^i-c j 4-J^jl nx>\! dl! _jLaiV ! ^A 

G^aJjaLfc]! CjljUll Cjljlu^ 1-18.4 JS22I g;J .J^llj Jijll fi^jLuj! ^-.1-bQ J ^^J-1 xa]I 

l_ijLiL<J! jl_ii]l ^ j l_i — 18.4 (jjKdll ^jljjU! (JiLejj c<jjl n^\lj 

^Jx>^ ^jC- ^-oJjuia]! J_£i3l LidaxJjuj! Lij! ^_da! (j-a . ^aIuiaIIj 

^LojlLJl ^jl . _jl^9 SjIaj l_ijLi1a]I ^)Lii]! S^)l e j ciilaj£-<2l 

"Lot]! 4 jl^y \\ Aj^) 1 3-n i\\ ^jVI (j-® ^3^) ^£jLuii 4^1^' 4-j^)l hi" 4_il^!e3l 

La! \\‘\ a j 6 V cc AjeAii]! .^.>i ^eLauJI jlii]! Sjle AjjUaJ! \\\‘\a e’lll 
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L<u3j tlj] . (a^jLiLg dll ^jLuaj Aj ^Jaxj V ^ ^)j-a9 SjlAj 1 _JjU1a]I jUII Sjb 

<^J i? L J /?t jj-aii 1-18.4 (JSj ui ll ^gi AjjUaJI (j|i ti—ljl'n-all jLull L )- r> '^). 
14.4 ( jjK.'.'il l oljjj (j! Jjfui 41 la2j) i?j £-o <C.ji!La /? 2 

-LajlLa ( j-o Ac.^)i!La lV< 4 j ^ jl -s \1 ‘LojlLa (jl Uiaj! 1*»-^V . j 

./?, JukijB 

(JLaxJjojIj 7.4 (JlfLoll ^9 Uti^ <jl ^A <jVI Laj 

j^aij 13j • /? s o^jlVv^SI ^ 1 wall A^qjLLo aJU. ^Ic- jjilaij L-J jl Vwall Ja^. 

Ja^k JbixluL (.^ lu^ dllj (Jsl cjl^ 46^)4Jl£ A_9j£-aj /?<. 

.(29 aJLoiJI ^ 16.4 J^juail ^9 t_JjUlall 

jl _jlitt _flV 1 tdALa (_£ jLaij (jl 'j^l Vi 11 djWt^x ClAjuail (j^ J 

IjAj i 1^-A.^k. a^A ^jJI djlsuaJI dlli djU&JI aJA C. Qj^ra'Vlj »^jilF ) 

<jj£j (jl 1^4* 6^.1 j A.4 : ^j dn^s A_Lal£j-<JI CjIjU ^9 I^JLaxJjoiI £4-gj La 

^iajJLJj iAlolSLaJI C1 jIjI^]I ^^9 jjLalil! Clllsj^-o (jC- ^ ‘ijm> nj 111 . Ia^JjojIj 6^)1 ^11 jj-a 
.A_i9Ljaj ^j*s >> 1*1 (_)a.l^)-<j (JLasUjjjlj dlli (jc- ^aaij]l (jlalq's il 

(j^ajjUilj £ 1 !jUtel 6.4 

Safety considerations and grounding 

A-Lkj jA J>-aj 10.4j 7.4 (jJSjulll LLqLS 

^)Jj£ ^-Ic- bM* <a\l CjIjUI ^Aa . I ^j^a£ ^ jLulJ l^jA- aIc. 

cilLua {jj& L-fllljJ ^^aLc. ^jJa^)lj djl^jl^ll £4-a^. (J^joiVI (j-a 6 djl^ill £ja 

^j^rk Um 1 1 j\^C» jllix-aJ! j . (J9lj (J^)A jl Ai9lj A jl (J 9 L ^ 

^j£-aJ cIjjIj^£ ^k'l 

6(JII1a]I (Jj im UJ*^ U -0 A CaljWI Jal^j 


1 g Kjg \ AJjj-a_^a o^)LijuJI ( ^xoa^ .6^1_Luill ^3 4 _jjIj^)^ 1I d^LoiVl JLraJI jladl 

qa ^.^Ixll 1 t^Tijl (Jjj-aj-a L_j1LxJiI Aj^) 1 Jilll L_lla3j . «a\l 

.AjLiaJI ^ya jVI ijl (jc. la.V 1 1 CS"^jL 
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I*-a 11.4 (jjlu-a]! jjA^jJaAll ^jJaJ JaULj Clllx-aj 

. jjjjl-ill jA <Jac. £a cJ^.I^j <illl l) UJ^ L>° 

(JLaxIIujIj ,6_jI *lll (J£juj JaJjoi-U ^A 3^-J jiVI L_UjaJI j 

tilllj 4 19.4 J^uJI ^3 jjball (j3j Sjljlll ^»ja)^) LijI^aIj jl£ 4^11-3 11.4 cMl 

cilLuj jj . aLq V -ij jjA^) j* jl-Aallu.il J <jjijalA]l tilLaJI (. V W ) 

.^jl9 (J^-ujI Ajs.1 jfi j* ~nJ bMx a 6^1 J J*>4>A a jA ^Ul ^^jJa_jVI 



.dJ-lxl* ^j-uajl jja j JIaxIuiL 11.4 ^A SI kit a\\ djjjdl JjIaj 119,4 J^uJl 

J^' LS^ 3 j' ->“JJ ("^) J^S^' cs^j' J c JH rf 

AjuIIa Wt.K\)) cillj jli w JjjaxuI! 11a p I aj dii^j CjIjIJ .(-) 

(Jjj 3 jA ^ill AjjIj^)^]I CjI jig yj\\ ^A j£i,g..ll ^^.xiajl ^-luLj .Ljail ^ djUaixk-<JI 
A_ni ^1 £a jl ^j.A*_a £a Jjua^lli .^ULoJlSI j jlili]| 

^iiaJj .AaUI oLiaII L-njUl Jii3 j-a (j^jVI C5^ ojjxtlnxi iS Aj.btA 
AjuIaj .Ig-il] Jjj CliljLnll jl C)\ W k'1\W jA ^ jj ^1 Al^g-uii (JjSjj aIjIa a qi^A 
jA C-jJljJ 3^1 46 ^)aAa]I j^JI (jC-l (Jjji (3^-^j & jj$>^ ^A jg.1 J)X-oll 
^^ic. IgJjji (> ^ jl*lj (J- 3 J^l <J 6 J^*l ‘-all 20 CS JA. Jj-saJ oljljj 
(_J£ja S^lc' 5 -a£^JI 3° dal^j^ >*ill .AjuIaII cJ - ^^ c^-HI 

Jjx^^k (j^-^ AaAx-^]I ^^)^1 ^jiajVI ^a jl g ^ 11 

^111 ^j^aAxjjlli . (jSagll ^a Ai x^ia "^UJI" dlLuJI ^jjoLaj (J^ (j -0 aWI (JJraC» 
i\jJa^)jA (jl^ 111 (j^l Aa.'Ix^j L-jl i>^nj jl ^V\i2k JSj^JI (JaaL 


• ^ 1 11 i' 1 4 l-» < . n l\ i 




O^J 


)VI 


joxiLaiJ L-JJ^ll XI 
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(_£^l djlAi.1 (jjj j^a tS^) _jLiiSI 

(_paaj j£lu* (Jj-a j ^La*JI j) a (jaijJ t \ »J 3— » . ^1 eljjgjSJI AjjLjj^illl 

ajLluJI CllljUa! (jV i _ya j^\ £-a t^llLa SjLuull dlll jjg Vi Jjj 3 jpa t Cljl jjg Vill 
l&.*lg ~s (_£jLaiJ ^lil ajLl.,21 4jjl_Iai3 . tillil] jjm Jj oJjiuj 

Vi Vi ; -ig mVll (jjj.a-vj (jjill iQjMW L«l . 4_ijlj^)££ VoAt-a i. I Win V 4 -LJj3 12 

^ajlji. jl CjIc-Lui Ijjjjj 111 ^ 1-\_1^ Aj*.jty sjUjoiII ^ (JaiLiall S_)g-=J 4_a.jl 

.Jal _j3 12 .ig >11 t-ll^t-aS I jj ojlaV ^1! £9JjJ (jl (jfLaJ (jV t4 ji,'l» .a 

.Aj1_)1a 3I AjjUjg^ll CjIjsjAaIIIj A >^|1 -\W (jLoVI CjI jliic.1 ^ya JU^-q 2) VaJ j 

Residential wiring AJJaaII 4jjLj^£]| CjI JjXalll 1.6.4 

jA ^ LalgJi] c_ul (jj 

cIjI^j-Loj 20.4 (J^.xiSI iS^ »4jjI«^JI ^jjajULJ! ciJliil! ^jja^VI <^lLai 

qa Jj| j\\ y\\ ixk AiLjaj C5^ A2 £)Ij 

4_ijLa. ^Jjj cJ^-^ J* d 2A AjL^k^'l tilLaJlj .Jjiall 

60 IjjLiLq ial^S 120 (_5 jLoij 1 aq \a c^jUa^. jj 

Ja]j2 120 



(Jjjlj R J-*^lJ t.ijKa'1 w (jlajji : 6lj^l diNUitfia .JaljS 240 SjlJj laljS 120 (jj jlj 

. Lr uaji\ tillul G j4aaj J t(jjjaKII (jjjaali B 


jl Cliiu o^jaVI jV 4_ujjj^lVI dtLajlil^ll (J-o_)VI II 4. tu*i I -4nji 4_aJ 

.A i^l mil a'u jg^l' i I1..IJ Cjl jWLj j^’~'. ^joll jl j i >iV' (J-aiaa t^llj 
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(j) 180 —J jL^ljla J^VIj cijjVI (j JaaJ l I jjiaj 

&3a ^)3jA .Lo^aaj IajLaLg JaS^3 240 a^l^La .^.?k ^ \x) I3Aj 4^/g = — Vr 

tljjLlLa JaS^S 240 JaA. j 4 C-JjLlLc Jal^3 120 ^la'V (J^A-oIS 'LojlVl^ll 

ClAqj^ I^aSa-gI <j-aj 4 Aa11c. A£.UaLuil ^Jj 4_^LaJI CjI 3 a J)^_^VU Ia^Ij 

s S> > 

VI y^i (jjSx^aqwall Jal^3 120 _SI ^la 4 ^ AaaLu.0 ^)aLj .AaaIa^^SI (^l^^lj (jl^Vlj 

_SI Ja^. L-iIIaa^ £-a (J^x-a3-^SI ^3ljJaVI ^jJa^VI dlljai ^Jj 4_^LaJI ^jC- 

tilLaJlj Jjj-a3-^SI ^-x-a_jVI t^Siuij 4 AjU^Sl tilLaJlj 4^-aLaJI tilLaill <j-a Jal^3 120 

L_jl^aJlj ?<jaja^VI (jA^iuiSI (j-a "^-Ij (JC* ^axAjoA V !3Lals .^ASajuJI ^3 Ajl 4 V < all 

^-aLaJI t^Ujoill (Jj-ajl 4 0 ^\\ A3jL-a-o Jj-aa. I3j I^JlliSI ^A <^113 ^jC- 

^31 jlaJj ^Jj Lpj^ cAjjIj^)^£1I aJVI lS^A £-o JaljS 120 ^g-aJI (J-aa«j ^331 

cilLoi JJ Alla. ^^3 Lai .(_jia^)V! ^-lc« c_3slJ ^Aj JfLigJI (ja*aSj (_^LSI (j-aa^aiSL 

^Jl jlull jjaj Aa 13 4 j£Lig-\l £-a ^Aa_x-aSI jr\ ill ^Ic. V jj-aj-a <jl£ 131 j 

^.jJa^l J3 U-3^ (j' lW-J • -la. I £ 13J (jj.3 (j-a 6 A-oj-aliSI ^_x-ajj Loaa^) ^jia^)V I 

Cjl jA$aA C5^ Ajj-Ax^aSI L_ll*JI jl Ax-a^)jj-<JI (JSLlgJI (jl £_£^)13I3 

^jjjLoj jl ^^jIa^^SI (J^jtll ^3 Jla. (Jjx^a^k <Ula. ^3 Aaaa-o (jl (jS-aA AaaL^)£^ 

.Aa 1*JI jl JfLig. SI £-a ^-alaJI <.43 mil ^x-a^jC. 

^j-c ^aa£ tA_ix-a_jkil AajLj^ISI A-aAx-aSI (Jj>x-a*\ C-^LS j 4131 

.AakljjaJI ^jial^^.lj gjl Ja^SI j diLaLaaJI ^^3 A,.vSjJalij ^Jal^3 (JLcjLLojI ClaLt AW^qSI 
^jjJjLuiLa A-oaIuiSI AajLj^£SI <SVI .IjUk^ll J ^-aLaJI SI l^)L3 
AlVl ^^3 (JlaC. (_^3l 131 ^jaa jLuiLa ^jl^-Ax-aA ‘l^S .ajlc- _j^la3l ^3 ^jAjoi^LtA-aj 

.5JJa*A-aSI <SVI AaIc. ^u-a^Li ^j^a^juo jl ^jJa_jVI 3a^k ^3 ^)Lp ^JJ 

4^Jal3 ^ic. AaIja^I g. 1 T'uxjjIa ^jLtJI ^jjoaLoSIS j-1jj ^311 4^-SjJaliAll ^JallSl C. Qx3f\j,3 
aSVI (jc. ^Iaj^ISI (Jj«a3Aj 4 AjLv^ll J ^^-aLaJI ^jjJa-kSI ^ ^JjIjAaSI jac. jLa^^ (3^-^ 

•'jj* 
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Summary 7.4 

CjUVa^SI (JdiS (j-<J l'\.^**1 ^)j£l dlLjjj^J^SV ^ ja3 ^ ja1 ^ (_)j-A&]I ILA \ \X x^~3 J • 

dal j**ig ^51 j aI-gISIaII cj! J^llj dsLiLa*JI ciiLaAjJa-aj (JaI^-oSI 

.4_JjLu]| j a_lo3jJI cAjij jj^SV I j 

L_J ^Ajj jlJ 6L_3^£illjj diljj jjflSVLl (J-uAAJ (jl (j£-OJ A-llslill (jl 1 jl J • 

<- ^ l_j j2ill (jl Ljojj .<1jU fijLj AjJSU jjjj (jl j£-aj cJSlill <- *q<^Vi 

(jxi ^a djijj^jj^iyi (ji j 14.11.1c.v i (j-oi^^Ji ^^a p ^^]ij c_j^ju1a3i (j^Liii 
(J-al^AJI ^A /2 ^'^lllj C-J^LLaSI (J^Lill 4. \ x^a *i ^3 ClAj jjj^SV I jlj ^AjIsI 

.Ajlil (J-ol ja 4_j j£ill jlj 4A.nIc.VI 


jLajV! aIIa ^3 (J-a*J ^Jln-a JjjL 41 jS^aC 4^A J7/2 Alx^aj]! (jl \ »^iil Linj 
(JI^IaS ^ ajj 51* II jl.jA.jiV I 4-11 a ^3j 4(jx<a^]l A-ix-uiaj ^3 (JI«1 ia£ ^-aLaVI 
. LnLn c^l^LaJI I La ^jlaSI aELuo ^jjaJjJ . (Jj^aftll A j« jJ^i j ^3 

jjjai£L*lla jjJ^jJ aJajoiI BJT AjJraflSI AjSISII A Swa^SI jLai jjl jj 

S j\~N i<o ^^aJI <L-^j ciul£j 4 LlqLqI S jlAi* (Ja^II <L-^j clul£ 4 ” \ 

Ja^II Aii^aj ^C. c£^l jLi^l jV 5 x^iMI jl£j . LluaSc. 

^}iC. I o>ijl jj^aSI ^-SC' J CLlC-UI aIa-^j^ <LajlLall 6^).)itj^all 

_SI jl linj .^£-aA-al!j S.ic.Li3l <ix-aj^ ^LajLLJI o^).u£JI ^^)aJI 4 Sa^ij 

. ^}AjaJI lIua j-a jin jA BJT 

4^j>^ q^SI c** n*\ j-a JajunV I jAj 4 (Jnl j jluj jjl jjll j-a ^_j\llSl ^ jiSI Lai 

(j-ajJa Sln3 j^ajC. (Ja»i1I *^-a .FET ^SH^kSI (J^ti-aSI ^)j!iujjjl^p 

ciul£ LaSj .I^js jLoSI jLiillj ^aISI (Jj^qaj 4illLjj 44 -j^aui JSU l_L^j 

4 IjS^c. aIa^ jIjj (^jaj V Ajli 4 1 .ia FET 51 Jaj AjuLo-c 

.^A ^ a jliic-l |j^-aJ I jl J 

1 Vjl Jai “Ujlljoa ^l^^lmlJ LljLlJ ■ >■''" Jj».3a LUa^C-j 
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t (JaaJ! Jaa. (JaxJI jlilk! .ixjj . _j jiluj^jl Jill! ^^aj! 

Uj.1a. ttilL (JasJI A.Ja^'i (3^J ^^lill ^oj-uiaII Aq ~n\I dlli iVl bj)\^ ^jaj-ajj 
JIaxIoLj ^Ijj jl^ ..^.‘pk ^3 Clll^lij ^j ^al j!lalj ^>*s ^lj^) 

. IgJ ^Lj jl) ciil^iij 6^.l_jSl Jaa. 

if* IjJajI ^AjJaaII (jjSAkJ tjlii]l jl -1 $jJI £JJ ^1 AiUjalj 

(Jj)*\ a'I (JjUS j)A £ jjg Vi (jc. Ij^jA 1 qfc's a (jjfLa ^ i» a\1 I-I^jj .4-C-UajjojVI 
^jj (jjqVi AliJI ^JflLiujj V <U£J tjlii]l jl >11 ^3 La*jj ' (j'^.-j 

^)j£l (jj£j (jl (j^AJ t^AA-jJAAll S^jUiVI A^Ua ^^\jj . 4-C«l IVnuVI ^ 

. Aq >\l ft^AJjoA AjAxj SAa.J (Ja j! Aj^jUaj j)A C(Ja..i]I S^jLujI 45Ua j)A I^jjj£ 

1 1 1>J ^V‘n j)l L_L>J ^lill ^A U.1 a. j Ja..}]I 6^)LjjI j)l J! I^IaJJ 

j)Aj 6 (Ja..a]I SjLujI Clil^iij ^3 ^jjjj V ^ ^ IIajIj AjAilill o-1aj »^-> (J^Sj (jl 

IgJ AAjUaA (Ja..A]I e^jLujj j)A AaLuXO 4 ^nll ^^)aJ! 6^)LaI (j_^£j 

jm'i (Js^a LjjUja I ^)3jJ AaIxJI ^Ij^)^]I ^wli jjl ^Jl I^jJajj . (J£joJIj 

S* % * 

11 J)^a. tA^jLui]! J^3 d ^lill tdl^. ‘'~' : J^^ j dLo ^£-<21 
. jaIuiaII ^ a2l a-la.j _jA j i'djjJ^IVI dll AjjoiLjVI dljj£-a]l 


Problems 


jjLubQ 


AjjlaUj ^L-aJI (JjSjUI ^gi i_jja!i]|j dLjjjj^iyi ^Ijjl .1 

,<a^jiJ| •‘d.j.i dc. <jc- jj]l 

.>0 fjl 2273 jUI E jj 1.5-10 16 :^/j«?J/ 

jLajj ^iLja^JtJ! A x Jog a 4_^.Luoa j ^jja 1 aJ^Ia (Jalj cilLuj A^a L-Jjai^.1 .2 

10 _1 tiliLaJl 6 JIa ^3 CAjJJJ^IVI j!1a 10 6 

. lm 2 /V-s ^j 6 l_i*£a]I jl<AI ^ (jjjj^Jj 

. l. \x ^a.II ^1a 11 ^^jLki 10 24 cJ^xaj aJa^a L_jjl ^jAJ jjjliLJI l> clj ^ i -3 

.l^jJalij mil d2a ^gi <jlaVlj Ajul&VI (J^ljaJI ^ jjSjli d 
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jjjjill n = N d =10 2 ^nlc.1 ^ '-t-tlj?JI 

c_ia!j p = 2.25 1 0 8 (_£jIjoij aJsI cjj£JI tc_ix£-<JI jIaII 

.5 = 2.16 10 4 S/m ^jUiaUSUll U JLJ1 


^jLoij I^Lij -Jjiil ^?/t ^^j^UI _jlj*s*iVI ^ 

jLu (JaxIuJ 4_^p -lie. 


.4 


.7 0 =10 A 

20 ) <i,jill A^-jA .V'C. pn (jjSLjlul JJj2] ^.ulSxll ^luull jLu (_£jLu4 .5 

'J4 5 j^oj (jl ^_paljjaljj ./ 0 —lnA(=10 ; A) 

£Jjoq]I _jLu L-Lui^.1 6Ai^)xJ! 6^)1^)^. .lie. Ls4^° 100 AjJjuj LlgLgI 

.AjjIa 50 cll*ijjl li! ( ^-oLgVI ^)Lull j 


./ (70°C) = 216mA */ 0 (70°C) = 32nA i^ljfJ 

j! 61 2 . 3 (J^juuI 4 *n v*\l ^ajiLJI 6^)1 J LojS .6 

^ jLolJ ^JuO^xJI ^Jjauli J 1 ^ (jl j (4_^.^p i_S jLuij ajIjaJI 

(t_j) j ifi L = 0 j v = 0.2 V (I) Ui^ic i jLu]l i—boia.1 t/ 0 =1//A 
.R l = 100Q j v = +4V (dj) j ti? L = 100Q j v =-4V 

(J5 dll A n i,a\l ojl.il] (v j S V 0 4j» y) ^jdJIj (Jikill (__yz all >.o^ ^joijI -7 

(Jd.jJI (jlj 4^Jj-sajj (Jx^aS (Jl-lia) JjJjll jl *21.4 

• R { =107?2 (jlj t — 10 V < V ( < +10V JLa-al! (j^da jail) 



21.4 JiiJI 


Ajilli] Y ^" J jLiill 22.4 (JSjoJI ^3 c j b J 2 dlLiiadall JLoj .8 

. A^qjULqJ Ai jliaj c Lilia 1ij^. Vii JJS1 ejlj ^ j; 
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22.4 JiAH 


i (mA) 



<- it/ii dJa ^3 AiLLuJ! aJUjiaII CIjIa< jl .9 

LaAic. \/p Ag 7*. (JUa-o tl — 2.3 (JSjuaI! ^3 A n ^ll 

. /? L = 30 £2 t Jo]^3 10 l_jjLi1a]I J^aII a^..^.! ^jLajj 

.Uja 11.26 (cj) JJjS 13.14 ( M ) *J=Jja 12.12 (!) :^/j«?J/ 


Aj*j 23.4 (jliAll ^Ul-all jjAll 7 (/ jLull jl V d .ig•>" *._ wu-sl .10 

• L^ 1 - 3 J “^S* (jl£i jl -Ij-I^j 



^_3 Jalj2 11 Ia^Sw (jjlioiJ ^gjll “Lljllajll ^>JC. jLall / B jlill! I _ w«-sl .11 

. ^JllLo Jjj2]l (jl ^wajisl .24.4 (J^i'llII 

. / B = 0 : Uj*J! 



24.4 J^oil 
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L>.iic. 1 ? clic-LlI jlij ^ uh-nI tBJT jjloijjljlS ft = 150 (jl .12 

. 1=4 mA £-^=^21 l § 

(JSaiJt Ajua^a {_yal\ A n i<2t BJT _JjILui^t jjll Of J [5 l _ U«*J . 1 3 

• M-13.4 

• ar«l ‘ /? ~ 500 :^»J/ 
^21 FET jILai^jtjail (JjjVl'l [_ya 2 >.o*> ^uijl .14 

(JiLoj ^^21 9.4 Jiill 4'null tiiiij l^jjlij tj— 8.4 iJSL2l ^ 4ij>.o.a 
• 10.4 (JLaxHuAj l" ^^21 (JjjVllt j_y ajl t-Ts 

4 nja fjs- 13 .^rs FET g 4jlalj t,_ w«%t .15 

.j-16.4 JS-5J1 

V EE jLaJVI 4 jjU=l) Jjj 1 12.4 J£oill ^ ^jluJ! ^ .16 

(Ji.21 fig % (jl£ Lo-iic- y B /4 ^jaJI ui,21 fg -nII <aj 3 u<2 (jl 

^ n-N \l Jlill lasj v s jjjuj t-a-iic. V 0 ^ ^>aJl fig •> .v s = 0 

,ig -n\I Axus l^ja ^jLuu <3lskll i.-1 hi-nII jc-I j .12.4 Jisll ^ 2^4' 

a j fin I V V 5 JLiax jj.'m J i . i-^j i iu£ . 3Vg j 4 ^ jaJt .-.2' 

'ijLall 

t \ 13.4 J5 fill Ajjjuall lllC-121 ojE (JLtt«Iimlj .17 

/, = 3 //A -iic. (JaC. aJsSJ ^^Jc- J/?,, 2aj\JL2I 4^ojS ^ U«*\l 

• y BB = 2 V jUaj^l “EjUaJ (jj£4 Lo-iic 

y cc = 8 V j /? L =2.2kQ :U*> E ce j I e j I e (-) 

.J3 = 500 J 

*/ e = 1.503mA </ c = 1.5mA (m) ‘fl s =433kQ (\) 

■V ce =4J\ 

V cc ^JA)*** l 13.4 A *n i^\l C!jc«IJI 6^)1 J .18 
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i a ^c. 3 jLoul Ib j * Jaljs 8 ^ u^j\ 

G .A-ijLni! (JLa*JjujIj G ^)Liill (^) 

. (J^^k 'I _Lxk 


^j ^jjdj jjoia^l l Jjlajkllj Ja*JI <L>ij Oifr V (x J I J±a& QJ^ (m) 

.17 ^JLoJI 

Jiill J ow-ii 

^j^ajl.wi'Vj 4 nixll^ ^JLtil! ^ha^a ^uJa (J-^S 4_5^ l 14.4 

ajjjI^j c£*^j (_£ill (J^^.ll 3a^ (J-axjjoJ .(j- 14.4 (J^*v31 
^ Wi^ll j i V ce = 12 V aj ^jl 3i ill ji^-2k 

: <j]U]| ^jall (J.ojLLojI ( ^ ALajk.aLllI ~ -»V -v. J) , J = 100 jUA 

^jj R 2 j R l •/?! =10kQ j i? E =0.5kQj V cc =12V 

. G = AI c / AJ h jUll 

jlfall (jaj ciulij jIuj jLpkj! BJT jjlmjjljj J ^lmj .20 

4 y cc =9V :4JU! ^ill kaat_jJI V ceJ I hJ R FB ^*-\ .15.4 Jlill 
• lM kJaii lie 7 c = 1mA 4 /3 = 100 */? L =3kQ 


./? ra =1.13MQ il b =10/JA tV ce = 6V :*/juk// 


. 4jS_a-a dlVl j_i£A (JLlljkjJ ~ A ‘ 4 " IP 121 1 .p-s >> 1 x 1 

(JSailt ^2 ’ilkuualt .^rs |j LljjfLlLj t _)xi»j l .,ul 

.15.4 (_ji (jlfAll ^jjll c>° aiLulij jLi^jl 'ijlj lillij 4t_i — 7.4 

,1g •% \l <lUv. ^3 <iaajj 7 ? e i_]asJI “LajlLaj V cc kj jl li ill ^ ~s J.1^ 

. liilj (JaxII <iaaj ^ iniM ^jl\ R FB jlra. jVI jliLoj ^ajjgball 


.21 


^3 (jj liall jbajVI ^.^)^I A 1 .22 

4fl E =2kQ 4i? L =5kQ :aJ^I ^1 Lb Jiu ,1-14.4 J12JI 
.^ = 100 t y cc =12V iR 2 =120kQ ,^= 301^2 
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•V<,=5-1V <I cQ = 0.98mA <I tQ = 9.8/lA 

* 

8.4 JilJI 43 j>.^a ^j^ajlj^a. 2 k A ‘u.^,11 JFET _jj!I (JaxIiuiI .23 

l <jl . L_J — 16.4 (J^-uJI ^3 A n kail (jia_jj^All 6 _ j ! 

: R l = 3kQ t y DD =15V t R E =R Th = 0 

• I ( i = 2.8mA ^jLoLj i_jjlu ^3 -hm V Th (I) 


•V fa — 10 V (_£ jLojJ ^/mSI^ C_fl^x.o^SI ^2axJ ijpLl\ V 


Th 




M 


(j!ua1!j ^/lqSI 4/2 sUall 4 FET _SI tij,J *24 

t7? L = IkQ *7? 2 =15M^ ^,=3.3MQ :^L L 1-16.4 l£^I 

4 ni A I I L-ij ^ ^ S I ^ yi\ 1 JLaxluAj .V dd = 15V i/? s =lkQ 

jtnll <JL^. ^n (Jaa! .^^x^a^SI 8.4 (J^ xViSI 

(JLaxIluAj (Jj^ 2 kj]l CjLiW ^ ^ aja3 ^)l • Lulq .(X c = oo ^aIuiaSI 

l^y aj\ x^\ ^CIajUaSI jlull) A qliu (JLoxIluAj jl 10.4 ^Fix-all 

Ua,^SI J 4_J^)^li]l (J-axllujI j\ 4 ^)\ iVI kl'V ^»jjJ^)I ^ 4 4-Jj^x-^aSI 

. (J^^k SI l->-v ^ic. V ? q j Id q lS-^^-SI ^_£jl -^^3 -Ij-W’lS 


-v A 


= 6V iI do = 4.5mA <V „ =-1.8V 


(J^julSI ^3 (jjkall £\\*W I ^'Sx^all ^jliJI 'jliVI 6^)1 J ^xu«o .25 

dj‘R s = 1.5kQ </? L = 2.5kQ ‘V CC =8V J Lja>* t-16.4 

^3 4_ln^SI x^a^kSI (J^xIlujI . J-a^JI Jra^v L VwiV'i.a ^3 £J3 j J-oxJI <ia£j 

.j-16.4 JLill 

AjllxJI (Jajj^^SI -La-oil I ji MOSFET jjlujjjl jjII (JaxILojj .26 
^jIiaSI 6^)1 aSI ^^3 LlojLojI l_j j l — 25.4 ( ^ iSSaIS I ^ 


25.4 J^Sl! dllij-tfal^a £-a 29 J 26 (jjnll »*i<a\l ^ 25.4 (J 5 dllL-al j-o U"n V ^ ^ 

A n i^ll ^ IojoiLoiI !>llk A-aJ (jl tiilj (. <al X>>J L_jIj£JI ^ SJjljll Alii_u^a liA 

. ^-a Util V*n (JfLoi Jjal J Jllg“l'N^)U C 5 ^ lWj . (JfLuoli ^ 
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n sliall 13 MOSFET jjiwjj!j2l J j£2 25.4 JSjjoII ^2 

(jjj^ Vj AJlc. (jjj AlLaji £& £ai2!j 4al_j2l (jjj (Ja*j 

‘F dd =15V (J <_>2j2b -V^ on CS^*^ 4 J 2 

•lM 2^ */e, =3kQ * y rr =7v 


•^, e =8V <•! dQ = 2.5mA 


GG 

= 1\ :Uj*JI 


i_5 j MOSFET jja*ajjljpll £-a 1 > >ij l ^121 jLajVI (J La*lm l (jiLaj -27 

i?j “LojlLall j>.o4 j ) 16.4 (J^G’ill ^^3 4 Vn2l 0 jl 2 l -li. . (jm*> -a" -Lu2l 
jLiij'i! 3g_a. IaA3^j Ij3jJ ij\ ;jk-aj J (jV l$2] 4a.la2t ^3*2 
<xxajlxxxi. 4_in21 j jixu jjl j2l (j! (jJaljjalj . j jlui jjl j2] a_pUI L_ia._j2l 
4 ij i2l jLpjVI AjjI 2I 'ijl2l (Jauuxu! 2 j j ^—16.4 (jjK.'2l 

lR l = 3kQ iR 2 =600kQ t fl 1= 400kQ :Jj *1-16.4 J22! 
■W ^ ^ V'j.J Kl V„ ^ ‘V dd = 15V <R s = 0 

.1—0 (jl (_p3 JjSl I i_lc LxU) 

7? s 4xajla21 LlC^aj 1 g » >bj l _ '•s j ^^21 Ce .j 3 [ >71 AjiifLa 4 xoj3 UiaI .28 

^ixxb2l ^^3 (jbjqVl (j-a 1 g 1C. -i-n ij Laj 42L2I 4j3*2I £_i2 

Ia33jj cjljLoi! ^j's > .n * 4Jla. 2]jj 41 16-4 JS22I ^3 ^j22l 
.7.4 J112I g'iu . ia i ^21 R s 4xa2 30 

)I21 a2s\22Ij 25.4 (J5x2l ^3 ’iLLut2l i_ijl 221 jL2! 0 J 3 (JLm2x2j .29 

: 1—16.4 (JS221 ^ 42221 


S J 


aj3*21 13a) (7 =v ollt /v jn ^i* 1 .>^>21 i—ux^l (Ij 

.(42L2I 

£»o 4c.^}a!Lo ojaaS C E jjlaxj 4iafLa ^ys-J 2-bjjLo G i_ixu2 (i_ij 

.jixx2l (_£jlxaj <jjbl2l xbl j2^72 1 g"i» Vlxxq J» -n’4 /? s 
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i d = g v '.SJcrLuLc . ^£1 l*Qg jl Cj^j (jjlS (^) 

^)Ljj £ja Jaj^)l cill-ij c 11.4 ^ja A ViYujjx\1 

.£+ia1\ j AjI^JI ^ n W a v g S ^ 1 * 11^11 (j -0 i d 

(-) ■ 0=-g,R L (m) .G =-g„Rj(l + g.RJ (>) = v(*J 

• 7? s = 0 La-lift jjSii ^Jj]l 



25.4 JiAll 


258 






AuIaxJI dA dil jl j 

Practical Amplifier Circuits 


Introduction 


1.5 


caA^.^a]I jll ^ \a>.<~ i\ c1jLiuj\_ujI ^Ac. JjjLoAI (J.a1uiI 

(JaxAI A-lakiS ^a^AAl J)1 J^k ‘iVI JAd ^1 ^-dab<AI .^-2k..llj Aa1*Ha 1I L_jjl _jaAl 
^LQj^aJ Axj j . (J^aAl <LcjlLoj 4j_jUaJI jW\ Axj dl] Aj 4 Aak ^Ac- A_2UL<2I 

dLjjJjaua S^ixj-all dl^LujVI *>*M I^^La. ^»dda-<AI ^ix-aJ 4 jLidVI 6^)1^ 

1^)3 ^jI^AI (Jj_l 9 ^lill tAijlAa]! dLai^-<AI dl^jLuAd . £ aiLq 

^t-iadall jJj-ooj La LAlx. j 4'die. C_kx_da]lj C. Q^a'Vl ^jjojAaidAI Aoj^JjoAI 

* ^ ^)a.V ^ AAlXjJall dll ^)LaiV 1 aHqI (j-® J • ^ ><o 1 L_L^Jj 4 ^ xAI 

aJsl^-o 1 ^5^^ aLaIu^I SjLloAI ^'LjA-o 6^)Lij . 1 

^.jTk.da ^ nVA ^jSI <Aa^-a JLaijVI (jjLoAl ^iAi l* Iaaj 4<c.IAVI 

.AajjuJa]! 6^)LuiVI ^^Ac. c * i\a‘n (_£All AiJa^jJall 

SA*jj c^All (_fljj£]l gAlJl JaSLd c-IjjI (_£^ilAI (JIjaLujVI .2 

.SUluJI S^LujVI 6A*i ^aLjoj (_£^aAI 

4<la.^)-<AI 6 Airv^Sl dLxdjJa/AI ^Ac. JjjLoAI (Jj^aJI I n xtil _jJ d^-dal AJj 

J^JAdl ^Aldll ^Ac. <Sjj-a^o (J^.l^a 0-lC- (j.xj ‘die- c_alllia ^^Aa*AI idda^AI <jl (j^ ^3 
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^ ^)A£j ^ k^nll (J^.a1I £_jIjoiJ >Xi ^aJ (j-oj t 

(j-G^ 46 ALc> fi^)l_iaiVI CjIAjjJ . (JllLoH (Jj u>i ^Ac> c^C-1 IVunI (J^A sjua 

diljLiVI CjIjjoi j! (j^ cdJja j^)£-<2l <L±jj (j-a tlijl Sjj£aa 1I CjljLiVI 1 g \n 

(JL^-a ^k 6_jLujVI &Ajoi ^ u^n'i LgA^C-j t Anj^k .Jalcjl *■. v> J SAjLgII 

^jjljj) /*nll djI^jLujjj ^iajJall (_)j 3 (j-a (_j^.lAill ^Ic- ^- X ;P- <Q Ia^) 1 nrJ (j5 a) cJaljkll 
l!j\ a~\ ksiAj <L^._^all JAaa <AjI^)Ia cJ^ £y* ciil jIa 4JajoillgliaJl_*_Al S^aL^.j t<_£^kVI 
C_flVI jl tdlUa ^k ^ U*) (_£a 3I c^C-UaJjoiVI ^~^±sia°i .4c*\ Wuu^l 

L<u2 SaIc. Ig-SUa-a tgj-N x>> 11 4_ilLk S^jLail 4_LkA ^3 ^1'Wj tdlUal^l 

(>GJ . 10 6 (jl <■ J>J Ag ^jS^a L^JJ (jl I^A J t-lalj3 10 j 1 (J^ 

t. iD-vn tilli ^jj (Jj taA^-lj ^>j*s ^A-i'i 41^.^a j ^)J^1I Ia^j (j^kaA (j£-oJ V 4il ^jJal_^]l 

(jjW.i cjlkn tJUlall cJ^J ^5^- *1000 J 10 £-1} lg-i* JS oAc. 

(_£jJjolg L_l^)i]lj fi^Lujj >. AVll <_£_jj^)jJa £1J^) IaAj 4 10 ^ (_£jLujJ C5^ 

• 100 ^jLojj IgA-c (J£ ^JJ t(_)a.lj-<j l1l>Ij J] c^rj^kjJall 


JjIcJ SaIc. ^Clll^ia j^<2l Jaia^Q^ ( ^3 j-lL-sall Jala ^k .all J-oxJjoiJj 


Ag-2k k^-xa ^ja C_aHjJ <_£a1I j till A cJ^ cl) -0 


■ 4 cl 1 W‘i, ol 4_lL 


.10' (_£jLulJ ^lSll cl) -0 1 1.5 (J5Aill 

4^J^)1I tillA ^k <C.LlaJjujVI k^ia mj Vj t A^-2kll ^.i^k.jJaJ ^Jak^ A^JI 
C5^ L ^)lk^ll .^)A^aJI t‘* n^k ^ja J)\-& k^ia 

.4^^^ ^2 <Jaj)^k\^ ^C-Ualujl V S^ljaij *.s^a Afligk.ll J^'l ^JaLa J 

tillk ^A j A^Ualuil ^Jaaj ^AII <C-Ual*jjVI Lol 

A^. ^jl t J^l 100 J 1 (JJJ SaIc- jAxxa <LkA jIjj ^j-s k>n\l 

J jA IjJajI 6^)^A ^)Aa^J Lgj .Ja^3 CljUaljill djl^xic. ^k ^^.jIjj 

^Aj tdalj j 5^1I ^j-<s ^)j£VI AA*JI ^Ic. (_^^ll 6 ^)LujVI ^Aba') ^JaLo 

^jj£j ^jl^aJI oAjAjj jli 4^Ualk^U <>bikjJaJ ^aAc. l^)laj ^j£l 11Ajftau jj£VI 
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6_jIa J-olS ^ >.sia ^ u-o J<; x\j I aIj t^LllAa 


AAxIIa]' ^.r^jAra^!! LgA-o (._kltjj dj\j^£-a]! ^3 jA (Jx«oqSI IAA t—flAA (jj 

^ixixll Ajq nil (jl £-<jj . ^jAaaII lAA AiLjal ^l*JI j 

aIjj^ caIAji^^II 4_uj1^a jli c4_LoI^!Lq cIiI^Ia a In > J LiSl^. l^ic* 

c_,,fl.\‘jAkA ;(J\iL<JI (JjJjoi LS^" *lW-^ Afrill (AISa (J^jqViS 4_^jj^)jAa Ix-a 

jV I <l^.^)-<Jli . 1 ,ag n<hhJ C-Ji^lllk! ^ n^n S^d^VI (jc- jVI ^*s »^n<all 

aj^Lg FEX ^ V^ll Jjx£a3I _j jiluj^j! jji qj5Lj IaSj toAlc. Ia^. 3^) jar dil^Luil (J/q n>n 

.O^LjjVI £Ai<a (3^ 4-C.UaJjoil i . lUnn aJUI <LkA <*ALaa3 i1_£_a3 (JLoxJjjj^U Ia^ 

A_ijljj]l <L-a^3l jj!luj^jl^)J (jr^\ t/rs (j-o A-iia^V AjujI FEX SI ^gajl-x^aik ^jl 

(jjfLi Aluraj 3^) jar x^SI CIiIjLujVI 4_IL^. ^^3 4_iaAVI ^aJ AC- <A13 a <jl V] tBJX 4_nlaill 

. ^AAJjJa (JaC- A.sJVba ^j-ojJa 1 jln^s ^ 1-vsSI ^)JC. ^ W1<a\l 


ijii-k a 


« 10 mV 

AfrUalyil 

Mljwn 

— 



v 

5jLuij 

Ag-1 hi■ 11I ^vru 

V in='°^ V ’ V,„=10V 

Vi„ = 10V,V ou =10V 


k~ lmA ' Lr'OA 

V ^ 


Mj 100 


10 6 == ^ gjj <U.lkLul gjj 

^jIj j .A^UflluiVI j SjLuiVI jj» k a a ^ jj FaFa^ .a : 1.5 j£-ui]| 

Jaij3 jjIaII JLa-a ^3 A 4j*^ SjLuj) ( _ 5 Jaxj *LuiL*i% JaULi]| S jj^aj £)* A 4>11 ^<^4 SjLSJ 

.UjjSj 4_a jJxj AcUalu) Cj)J 

£ 

The Ideal Amplifier ^HaJ! ^-wa a l l 2.5 

(Jjba.ll J^SJ A (A-cl*J 1 g xAVij l^l^A ^3 A^.Ij 3 Jjg Vi ^A xAaxill 

6^JULq ^.Ijj ^3 j^l l^j -Voyt = ^4. V | n (jj <■*tl — 2.5 (jS-uJI ^3 

i4 (j^ ^ljuralAklj L_llC-Aj^allj ^jl ( >> ^j ^A Lo3 


jl^La (—kjjt^vi e^)j^)jJa l^laj .ALal£iLa bj)\^ (j-oAa (J^l£ Ac-UaHuil *>>■<> ^jJaj 1 (jfLaJj 
^^)JLa t^lc. J^J AALuAVl Ajjj ^j-a Aju\ Ajli 40JJj£ -A SjIaSI QA 

.AjI^LA Aj! 3 4_uJbLx Jjj 3 ^j-a ^]n>>i\l 
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frequency responce aj^JIII ajjUU jjSj jl l_i^j 

AjuL<x^ u' vnjj cAj£-<ia]I ^Ac. 1 ^11^. ^)3-k-all qa A_^Jajoua 

(JL&xliuAj dal^llnjjaaV I ^JJ IacO .Aa j.Ajl-0 A.^.^)^. AjuIa-oj AjjI^jV A_i^ 

iJ/Lu] Ua •ijj LaIaxILoJ Jill .c_J — 2.5 ^^3 A*n^jLill ^'Nx^a\l 6^)1 JJ 

^JJ AiljJaj c x^a^ll S_jL ujVI iwa 

^)izii]l U^ 1 ^ ^ic* (J^^ oSW 4-aA^-* (jt 6.1 ^JaLall Ll^jJajI lijl 

^jjj <ial£-o (jjnqft S.vi» a\\ JaLgj (jS-oJ A_j]i ibMx a Sjlj ^*n\ g i 

(J£juj ^ic- J^.^31 SjLujj £-a!g ^lialgJ (£ J* *(ji] (J^aIa 

iSJ* i^y^ ^3j «V S «^> ^ju ^a A-LoiLolLo R s A-ojULo 

J-oxj J^-* CS^-i */?i (J-a^. A^qjULo (JSjjj 

(Jj3 Ja s-Lloi! A_xajULo (Jj-ojj *-^L A^qjULo ^Jj AjjouIIj \x )\a ^'Nx^vall 

(J-alC' oVI (j£-0J ciili . Ia^JC'J ClAjoiLuJIj lIAjuLIoIIj _JJA 1 ^k^'l 

Loj A a_!V*^j ^\<qc> A r ^j^k.jJa*i]l 


A - V o Jo R L _ AV i/( R o +R J R 


V s V, 

R 


(1.5) 


= A 


/?, 


/? + /? . i? + R r 

s i o L 

• v,. =V s (R i /(R s +Rj) —t j *auJaxl l <Ji.J v ( - .IfraJl dl 

^j-o ^jk *.A\ ^'Nx^aU A r ^J^ll u' LS^" ^ J J ^J^ AiLuJI AiiU! ^yaVi 
djl^)jjan\lj \ t^ijl l^_jl Vj »A AilaJI iJ*all 

6^jjj . ^jlmLuiV I IjS^A jAj cA r ^1^11 ^-jJa-<JI ^j-^aLic. l^JLkjl 

CjUKj) /?j ul^ 4 R{ —^ o° (i) 

^ n-a (_>^J ‘ (r" ‘ ‘ a-a ^' ^HlaSj (JjJJ ^ialSj Vj Jg Aj 

,(/? ; =oo LoAic. i. =0) <c-llaJjail (_5l jaJ^SJ (J=.AI 


•open loop or open circuit gain jjiJI sj J! J <SkJI ^jjj Lj=u1 ^jj«j ‘ 
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<i> 


M 


5 jUi.) ^;* A 

R t 



Jj^ajA »jLSt £jia l^aS j^Jaj -A ■>»«' 4J2lda sjlJ id .^Ija jdda ( i) :2.5 JSdJI 

. £ jidl £a Jj^ajA Jaa j a Jijdl Ja 


C-j^d ^ J . >ij Vj t^?L cs^^>1= j^Jc- A\’j ~lg->^ <J5 .Jg-iiaJ ‘ ^? 0 —> 0 (t_j) 

1 1 a ^-ajl (_£jLd (jl 7?„ 1 (_ja ^JS, Ijlj . ,-a*v a^-iAl (_)i.lj 4_Aa 

R n dji£ Lal£ tjjjJ . AjjI^jV 4X.1 lailoiV 1» 11 o (jj£j (jl t^nAl (jfLol 
dll aK i) Jil ■ ^A1 ^3 (Ja^JI J jn.kia /jl£ t^iaidl ~* > - adnjl ^3 jjua 1 

. (^daAll "J jaVi " ^1 (_£3jJ ^ ^L 4 l5.J^ 

l_ 12 >j (_g\ 4djall jjij £a llilj (jjSLi (jl u-iaoj (4_iia^ i_jIjjaY) A —> oo (d) 

. jIAa'I (_y&. Ij did 

I (JSavJ A r ^21121 ^yklt ^_i jil (jj Jjl3l 1 \ 'A <n Aj| ^gjb A_j^a^dJI j 


jHI ^j-s . >l"l 


A ,,o P t =]im A,. =A (2.5) 

R a —>©° 

l_j J l — 3.5 JjiaII UaBj ^UIaI! w^aII (J-Uaj ^j^aj 

x«oa U^- j J^-Uil £a (jJ^A^a^A Ja^II j ^ oa'I 

-sail! djljLuj_j] lg_Lda 3 J I^JLoxILujI j ^ajLx-sx^JI fiu^J ^LajAVI l-ulc. ( ^JLikdk 

-^-jJa-<JI <_ja 4juL<ia (jl I'N J tJliLol! (Jj Uti 

djI^Liyi ^jLIa ^a C5^ ^gJUJl j lUI^aS! 

. dU-aai AjIIjcJI AjuLaaII CjIj L_kxoJal1 


t> <U£ia sJj ja j t operational amplifier diULxll 


a*j Uua (jjuj d_a _^ui' 


0^u£ dlVLaxIliail A-aJ l^lj .^IdAll 


■all djlLdal i 


*2kJ djjlaj .li*da 

.Ac. Id-all ^ AJ 
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V f 


(v) 



R 



A °' o s (^T 

<y>A« 






J-lLj Jj^aj-a £j^-aj = oo) d j\^l\ £jHLa J^Aaj JIaa ^lila (i) :3.5 Ji-uiJ) 

.^JULa -\\aAa £-a j^aj-a J-a^JIj JoIaJI .4_^ ^Via .1 £a 

1.5 JH 4 II 

1 . \ 111 .Aj^jj A-a-uil_j <Jajail jj (Jj^joij A^C-^) 4-aj 

AjJai^la J6(J_^j dljJ jJ A^Uall (Jj^-a o^)Lail ^-.).^..Jiaj 

^la £jJaj-a CjIjjI- 1^.) ^Jj (J_^j A_I! C^-j) ^- Aj ‘- 2^ (J.l*-uu3 ^A a^W 

^1'Wij .^^-aJaxJI A_^.^p Aic. Jal^S ^-L-a 10 (jjj^-a ^^Jaxj .^^juj^)3I 

^3 j£L<2l x+iAl IaIaxIIujI l^li .aJ ^ x^al ^ ^aiall £jJali! Jal^ 1 ^1] A-a^jJ^)]l 

6A =lV/10mV = 100 a_as SjIAI ^jj ^jLoij ct_j — 2.5 

(j*r> a\\ AjuLa-a ^jLjjJ ,ah* \l 6_jl^)^JI A_^.^p Al£> ^lall (j^fL £-Ja_9-a (£' 

(_)^.j AjuLa-a Ljjj^ c^ajl 1200 4 _ajoiI^)]I ajljL<ixj ^jLoij^ 600 aA^IA! 

.^ajl 200 ^ x>)Al <_£ jLaijJ c^jl 3000 ^ *+)Al 

A_^.^p Aic. (j ay xi ^^^_a A-^.jjL<JI S^)lAl a$ y ^jLojj 

c lla Jati 10mV (3000/(600+ 3000)) = 8.33 mV l*i* JaljS JL 10 iS ^l\ 

. A^-Ja-aJI AjuLa-aj (jjj^-all AjuLa-a (jAJ Aq y\\ Aj^^j l > \ua) ^J*s k^\W 

+100-8.33 = 833 mV a^.jjL2I SjIA! lSj^+2 ^ 

^jjj jll S^lia Jati 833(1200/(200 + 1200)) = 714mV 

A r (,^1^ ^-*Ja-a]l (jt (j-a • 4-ftJuj|^JI AjtjLa-aj ^*s 

:^jLoij 

A r =vjv, =714/10 = 71.4 

(_Sjjui 4(ji] .(1.5 “Ujljt-a]l (JLaxJjuAj Lx^ajt A ■\j \ill a^A CS^" J U^°^) 

.^^-aliutJI SjljaJI ^ya %71.4 AajljjI^)]I 
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^aJ 4 (J^.I^)a]I J,A*Aa (JA 4-A^,^}a]I (JjlVl ^Jj (jVI (JsAAJ C_fl^-uJ 

4_1^.^)a ^Jj Ajl^j]| j 4 _aj 3 (_£j Ag 7>. 4_1 ^,^)a ^Jj b yc- ^ ks-xa\ 


.<C.LL1*jjVI 




Small-Signal Amplifiers Slj! jLuftM lj ! a\*^ a 3.5 

4 4_ijl_iJ ^kjJa-<JI jijj ^Ac. (Jjj-a^AI ^j^aj 4aI JjjLoAI ^3 Ijaj 

Admail &Aa jl Vj . C?'^ > dil^jiu dVL^-a Aa^jIIaj cillAj 

Jjj3 6 .Uj3 ^AjaII (JLa*A IgjLjjluiA dljLAi] ^sjoj^j (j^- (_£4 _aj,Ac. 

d.lJ 4 JjVI x>i'Al 4 A^.^)a] cillA IjAslS j\ .AaljiJI (JLa»A ^3 y ajl dl jW a a 

4_jl Vj &e.l^)3 (j£a! 3Aj 4 ^j-ajL-aaAl dljK'^xi ^Ac. A-laaj (_)^.^3I S^Lil 

_jjiLai^jl yl\ y ajl >/t\ dal jW a a <jl *Jj La! ISsj 1 YW\x«qa1 AA^jouAI 

And p^aAl tilli L_lJ^)3j ^ja 1 n^Aj ^ W m\1 yn y* k^i (J-^sdoil (jli 44 jAvsV 

jl£ 4 jjloi jjl Jj]l jtilcA *y* >^11 dljLail AALa. 1 V^aj 4(jA] . ^jqnuA 

4-jJalardnVI (j£aj Anj^ . Lilaa. 4L_fll^laVI 4 jj31j Ada-olc. 4 jAi*sV o J)jg Vi (jVl 

> s 

46(_^l AAaIx_a j j!iuj^jl^ jaII dJj AAaIxa (j£ajj 4 4_a3 ^,\'ki £a!aj A-ajLLoj 4d 
.4jjjlujjjl Jjll dl a-s (Jj\Vi (J^- ‘c>y& 4j^}a 6 ^Aj 

FET —II$jjxdl $jLiV' £J>u 1-3.5 

Small-signal model (FET) 

^3 4 njoll FET ^1^11 (J_j*jLa]l jLjo J)jl jj (j^ajL^xx Ijjiai lj! 

,ig^ ^^ic. Id 3 4(JliLall c^ 16.4 j 8.4 .'Ml 

:d V* t-_3j>. o < '' l ( _ ? ic.J Vg S 

>*=>AV„.V J ,) (3.5) 

A e_jji is-t dlLvxjtj ^x.jIjj a jj» >^>ll cjIjUvi aju y 

I^ic- J-kJaliAl! J L_jLui^ y± (Jj^a,^k \ 4 Q (JaxA! 4 

A I, =^AV ?s +-^-AF, (4.5) 
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.AalfUl ojLiVI (j^ L-ljlHal! jl jjillaSI A Clsljaijll LiifLaJj 

t(sjnl3.4 l&ASI J*A) l d =I itQ +A I d =I d< Q +i d ^ ^ 

A_A^>a 1I (jc. jjjutlill t^ill A_)jjj5UI i_a^a.VI aASjlaSI oSlA ^2 LiLaxAul Clua. 

* 

:A_lJliSI A »J>.oSlj 4.5 aJAjlAI AjIj£ j£A t i^Vij'S .o^jlAVI jpa AjjLlLall 


1 

l d =8m V gS + ~ V ds 


(5.5) 


c5jUjjj tjj^' ls^ 8 m =A/ rf /AV gi 

liS (jc. ts^j JjAo 10000 J 1000 jJJ Lo JKS I (JjxLaJI 

till jj tLuj^Aj j_ji*JI Ajlalj -l-lAj .AjI jjII Jl^a. A limitt—3j>.o.aSI jIjj ^2 ^SLsAJI 

A i a^j>.o.aSI J.jj djljjiu Ajjujj -Alj i j ^juAI jjj ,1g•%\l CliAA 

,4. u^aSI Lai .FET _SI Sj_$3. (jc. (J<Mt..Uij A LiSlc. ^Aj .Aj!_jJI ,1g ~s 

4^ — 16.4 (J£»jiSI ^ ^^jASI (jx-iM >^>-s ^g& ApjVI (jc. c5^SI t jAVI 

1 frlxua Lai .Ajl jJI i**nffii ahTi Jill ri — AV ds j A I d t—aj^^SI “LajLLa j^a 

• 50 KQ AjuIASI 


0 


w 


go 


\ 


C> \ 


g 6 

c m gs 


4> 


-od 


( 6 ) 


<jS g r. O O 

\jy d gs ds 

Aft 


qIa ^jjaj .Sjji *si\\ lj! jLui^U FET £Jjaj (o) .FET jjIuujj!jj (I) :4.5 

•FET —U is&l* 

A^I^aI! Sjl Jill J bS&£- ^^3 dil^jljj a'n aEIjla ^A 5.5 aEIxaJI (jj 

6jlj ijj] .L_J — 4.5 (J5 aj\I ^^3 (Jaja]I j^ 3J <La jULa £a ^^)Sja £JJa ^a IgJ 
Uoj .33 j £jla ^A A^.^kA .lie* FET 4 j31£aJ! l_1 jIHaJI Jl0 

^iia^ AjbI^a dJj Ait-ix-a «^-L} (jl ^iiaII (jl 6.1 ^W^a\1 ^3 

^a jJjoAjujJa ^ i^ -0 ) U.) \) q j 6 J J A it J KS-j j! jiall A-A jl^A ^a J 1 ^ 

(JSjAoSI a ijuSI jjijqj ojla jk FET_SI (JAaiS (j^>AVI 4iiJaSI c jjj .^a-ojILo 

SjIAI AjoLaxi cicala A t jjjjIAI jjjU jjj AAjj aA^. (JlaSiVI SaAojj 4.5 
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6 lP] * ^\x a) cL^Laiaj Iaa ^Ia.^aj a^. 

uj ‘Av gs J s„, r d v gs uyy^ »jE J £ 4 ^' ^ 

• ^ jjluj^jl jaI! ^Jj ^^11 ^J^xll JaI*JI jA g m ^d — A 

(j£-uJI A n^ll tSlfc Jaa3 (Ja -\^uxa Sjl^ Injuin AaiLS ^)j (jVI IacO 

asa^a ^a FEX ^~s >^>a I 5.5 lMI is^. «s >.s-i\\ 6_jLujyi JLmlLoiIj 45.5 

(JSjaJI (_£jJj ^ (J-^ Aaj^Loj 4(J^1I V/ 4-IaJj 

.4a31£-<a]I D ) Jy SjLaiVI SjI»1J J jAjjj jjl Jj]l (jc. <jJaLatHxuV 1 -IxA 6jl.JI (Jjo&J L_l — 5.5 

<jl AajLu a jjy x^ill CIaVI )^a\ 1 Clil3 CliljLai^U AjjIc- a jl.3 Iaj.}] ^ n«o‘i .Vin^s 

(JA AjJA (JL^jj \ V^Ajj . ^AajILgj jLjJ £AAA J] (jVI (Jj^A 4^1 jja]I J jlluJ^j! Ja3I 

L_JjLa1a]I j\ja]| ajlj ^3 Clil (j Z. <jJal.xlL.uVI 2 £aj 4jI 4 h^^LaJ 3-ijni n\l 

^^IaajULaj ^Vij^k (J^^JI AxjIaa .^ — 5.5 lMI ^ (JAAaII cJ*J 4 jj-a3 ajl-lj 

PjJ ajlc- JUJI jA IjA j 4(jjjjAA£ IaA11iaa 3 Clul£ lili ./?2 J /?i J^iaII 
till j C-iLjaJ . A-ijlgjV Aa jIIaj /?J|/? 2 L_AJ j£j LaaSaI 4 (J^.^11 6 jlS] £_±1 a (JjaVi 

A-ijl^jll Ai_ix-a]l Jj LiL-aj (jj^jjj ajl.3 (Ja Aa31£-<a]I (jj nq'j ajlj LiLi*jjail lij A !I 

J Jo FET _ll jjL Jll J-5.5 <_£A1' J <4jt 6 ^HAI sJAl 

liAj 4 A_^.jaLg ajlAj ^kjJaAll (J^.Aa <J1aa J3j ,^.Sk jA ^5Vi\l A^ 


AJiLftj tJflAjowJI ,*\g-y\l ^Ala ^ )->»J .4 Vq"n>i«o\' JJC. ^jllallj A Vq un«o\l ^lloll Jjj jVl L 

jjinj V dulj (JUa^ La^J ^J^P '.^g •> ((J) j^ijllj A T\a\ (ji!Sl^ (Jq"nn«o\' jliill jl j^jllj 

J^ ^AaII Lai .^JaljS 120 <-JjlUdll •%!! ji A^lxll c-Lj^iH! 4^u~ti ^jjojLcj AjjUalll La^ailal 

t _ 5 

J^i La jl^a ^ j-a jLjJ jl > S^lc. t La ja.1 jIjiLaJ <La.ja. ~n ^3 (a^aall ^Jja-J j^fLa 

6j|j ^ jlj^a.^a 4.5 J 3.5 (jjK^ill ^^3 j\ ni.all Ja1s1uia]I JJC- jIxaIaII 4(J1jla]I (Jaj-uj ( _ 5 i& .SjlJ 

s # is a 

JajlaJ 4<a 3 jl 4 2 q " u> i^ll JJC. .‘ig -y\l £_LLa cji-^ . cjiw^ll ojL^U La^_i3 ^*vMI (jjaj J^l 4^jaJl 

.(s^-uj < 1^1 j ^ LJalui^ll jjc. jLull ^fi-a cJ^jj -^jI j ®jL«il Aikb ^ -l^jJ 

(\f G) C ~ 0 (_^l) ji.^~>3 Sjlj (JaxIL djjj-all 4 “ il x>-n SjAJ^ll djLuaill dilj 4 " il q~i5^\l I Ajj 

.(j^j ja 30-20 c> j^' 4 ^Iaajj 

(. q\Ln J J ^ J 4_1 — 5.5 (Jl^uiVI Anxall Ajsl^all (JIiIjIaII J-a jl A£.jijiLall Aijl*-all ^ 
jAjj (JaII Ag ~N \ jUa^JjA joixAgll jV 41 •yj'N x^-> (JuaI 4^Ua jl ^jJal^ll j-aj . jjlfruti.a j^L—aj 

.^jaJlj (a^a^Lall A^aJI <jl ^jlc. 
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(j-oj cl-1^. 1 g dAjuLa-a ^ Vq^ll (J^xi-<JI Cliljjiluj^jl(Jjkx-o 

.SjIc. ^j| 10 14 Ajj^)-o 

J\ (1-5.5 Ji^ll) g^USI FET c \^aW JtjLkl ^ jVI ^ Jil 
llLlXJjail Jli] . AjI-Ij ^3 UllOfl (l_J — 2.5 JLSII) AjjalLiaiVi 4* Us~i 

(jjj A-ajULa Aj-ujLujV^ jJauxll dilj^fLa ^jl ^jLul A_iA^ixj L-l - '2.5 ^3 

A n ix>\l A^al^xJI 6^)1 -ill AJjILojj a \I ^qjq's £-ii<Gj ^i^Ia 

.l^-x-jal^ L^jLalJ iW 1 (_fl^jjal CL_J 2.5 (_]-^ A ‘2l ^3 A_L1 Aa]| C^WlJ J J)\ ^ 5.5 xtl ^ 



(^) .Sjj»S jUiVi ^ij^L jjIujjjI jail 4-uaUlujVI (<-i) .FET fA-uXa (I) :5.5 J^uJI 

j 414II 7^2 J /? i t_ijjij *_a AAjLuJ) ojlill AijLa-a SjlJ (j) . A 23l *\ a l-jjUIa jLu SjIj 

.AjI$£UL 
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■Yt* A r =v out /v in ^c. J j » .o-v\ l (ji\ jL<u 

:Vj £>21 


R - p V r d^ L 
K L -~8m V 


r d +^L 


r d +^L 


(6.5) 


V V 

_ out _ o 

v V 
in gs 


:FET II ; -i~v .>1 ^ ^3 ij)[Jt^\ uj5j c^Uajj 

(7.5) 


~ 8 , 


zz-n R I 

r +R *'» l| r ,»* L 


•d 1 L 


_SI dlljiLoa^jl^)J .aS ^eA?Ljy?a ^jial^isl I^A j 4 ^> R^ <jl 

td^jliSI c7.5 4_S^l*-<JI (_^l iS^^VI s^jUxll (jj SI dVS-^-SI FET 

_jj!Luj^jl^ilS ^j^ixll LoA ^jJa-<JI dU-a^j^SI ^aI ^jl ^^Ic. 

4_i^.^ldll (J^^SI <LojLLa 6 jLj La LilLc«j .RLA-l^.^)LiJI J-a^JI ‘LajULaj g m 

jjlxu^jljj jlilkl 4-^-j tljLac. <illi ^jSj lili .^j^)1I SjL^S c3j^I lW^I 

.LiaLjaj Jo'l 4_l^,^)-a (JLaxHjoiI jl 6 ^)j£l ^4_ilslj ^^.1 


2.5 Jli*» 


• 5.5 lMI (jg& ^jjLaSI ^^x^a^SI -^L^jV 7.5 ^.j^SI LS^Lt-a (J-axiiuil 

7.4 (JIIIaSI CluJaC-l ^lill ^^iJI ^ajlj^a^k dlljW 'uij dLajlLall p_l3 (J,j i nl j 

.1—16.4 J<■'''" > (jlf*ll > LuLu £j.j)l d.wil 

<jMj i...jLrta> Jl Vjl (7.5 4jjl*-a]l JLajduLi LuLuta. £J> da's'll 

<aido (JLaduiLl d — 16.4 lMI dldada fj “LajULaj g m 

>l£L Idj tdulj V^) jj^*4 4jialj ^Ic. 4 (Ja*JI 4_Lsj Jj^ S>^>do 

: ( v ds = ° 


8 


m 


AI 

AV 


d 


gs 


(2.3-1.7)mA 
(-0.5-(-0.7)) V 


= 3mS = 3 10 3 S 
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ajVinfa^k ^ W Ja-g ^^Ac- AjLaui ^^Ac-j 

:(v = 0 IAa j tdijlj V gs ) lW'AI AJaaj c-jjillj 


r. =-— = (10 —0)V/(2.1 — 1.9) mA = 50kQ 

AI d 

frf (j_j£) lil j 6 7 ?l = 1.6kO —J (J^iaAl A^ajlLa l” n)-ac.l t7.4 <JHa]l ^ 

‘->*^.1 (_£jlui) jj| .7.5 kklt-all jlaxluil la IAj i Rh Lh® IjliS _jj£I 


A r = -g m R L = (-3■ 10 3 )(1.6 ■ 10 3 ) = -4.8 


7.4. (JliLail lull) 1 g jlc- ' ‘ik-rs —5 4 ■NjV'll (Jaiast 4 -\J~Vl ol&j 


BJT —U SSjUiyi £j>4J 2.3.5 

Small-signal model (BJT) 


c^Lilok ojj jVI i L_fljjoj ^AaLaSI ^3 olj.lx.Sl La ^Ac- 

ILS .p^jjar >^n\l (J^-lSI dll^LujV L^AL^a iBJT AnWqSI AajIjaII <L-a_^SI j jJjuj^jI ^)j] 

-Ijc. O^aluiX Clll^jljJ j! J ^Ac> A^£l^) A-JjLlla dll jLalL O^jX.x^ll dl^LoiVl (Jli-dal 

(JliujVI ^^3 oUax-aSI cilL (Jaa 3 ^a ^j]l BJT _SI x«o“s Lille. ljj.3 . J-axAl A-Sa^j 

ojLujVI dLa^jL djl£ lij ^jSJ tAjS^vs^UI oApjuj IaU^j ^14.4 j 13.4 j 7.4 

Aj3*vOUI dSjWixAl L_JJ^j (j^-ol io^jjxj-a dljWixAl cilSj C-W'-SI A-laSj 

^jIjj jl -id ^FET _SI AjL^)Aa (juVn Axjlllalljj . AJakiSI cjili Ale- A^dld-a Jaj)]n*s \ 

I^x-aa-aSI Aq j oJc-laSI ^)\jj ^Ac- Axilx-j lijl o^jj£.lall (JISjujVI ^3 I c ^Aa-ASI 


h^iAh.vj 


(8.5) 


o^LlC. ^^Ac. cAjj^sJI dAaiiauAI Jla*jjailj 4i)liJI oAa <ldalLaij 

4_lakj jl a jj» >^i\l jjjKH jlnll jl ~lg ->11 djljjii) A d)ljl*HI UJ& 

jludl jjlixujiljJ 
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(9.5) 


. r dl r . T dl r AT7 
A/.. = + -—— AV„ 


dh 


dV. 


i 1 ojLaiVI Cllljjij (JlLaj l (jjjjoi Lo jl JC. ^jc. j 

J* c Idl h 3 ^ -v e „ = AV £ . £ , j tij = A/ fc J ti c =A/ C <jj (/' 

(jlj 6^Ijdajl hf _J /3 ^-J^)1S 3^^ ce i -0 lS-^^-SI <Jnaj dAC- J3 ^)Llill 

A-ilaUj Sdlc. ^^-gjoia (_£dll (AjaIaJI ^a 2 die*) ^^g^ugSI ^ajlj^a^k Ja^ jA dl c /dV ce 

> 

t(jj] . r, = 1/ h 0 4_ajlLa l^JjlLaj l}l 0 j-ojJI (jjaaj LS^' 

I_J a >,nll ajLaiVI ^ ^ jit. l 5. .-ii; 

1 


K =Ph+— V, 


(10.5) 


J .c_J — 6.5 (J^juJI (_^d 4 *n iaSI BJT _ S] AasI^gSI S^ldll 4Jdl*-G adAj 

Lga^.* nlg \ dic-j 4.5 3^-uJI jl) FET _SI <SL^. j\j£* 


. *LgjULg £-g ^-^)S!Lg 4a3 ^Vi^g ^)Ijj ^Tui BJX _ SI (Ja-gj c^iNc.IaS1j ^a^JI 


cFET _SI 5_!L^. ?AJu^ajj <. \f\ ?BJT _SI 3^..lg (jc. IdL* (j^S 

>lju'i t^lSi (jl£j c dj 5.5 (J5^1 ^3 (j3aSI 4-^jas-g Sjd (J^.^gSI U^iic-I 

4-SL^. ^ LgI .Sdlc- ^ajl 10 14 4 ja^) (j-G tld^ S^Aj£ FEX _SI (J^d 4 -gjILg (jV \ ‘SJ'S kS-1 

_^A Afiac.uJaJ jAjoi^jI jaSI IdA (jV tl •sj's l_JJ^)£a 1I IdA (jjfLa ils tBJX _SI 

o f * 

dj. w4j . -nSU ajs ^ Vm jA FEX _SI (jl (j-i^. ^ tjliiSlj 4 a^ 

Cdjl£ Idj Vj ^ic- (J- 0 ^ V BJX _SI (jl (jl I nlc. i(_)^.^SI ^LgjILg 

# Li-qLgI lS^^SI <Sj-aj 


<JjiiLa A Jn^'l AicJ S^aluiA jl (jlj jjlal! 1 

dllLaj ib^)±& 4_mjV i—S^oluiA]| .(^-13.4 jl 1 1 .4 (JfLai]l o^)J» >.s-i 

Ah =I b,Q + AI b =I h,Q +i i, : ^) '°JA^ jUUl! 

^ aj!)La jLjj A^j a JJ» ^^<0^ dal jjg ■n'iH A-q jlia (jl C > ^ 

(jJj^ 6 U>J (jl t ‘. Ag >1U l^ja a^dall dll jjg -vMl (JdA A-ajlLo (jl (j^ ^ to jjg Vi 11 

.(JdA^ll (j^ 
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. jLu]| jji« (i_i) .» jji <ri'l dl jUiiU BJT II 4 J 2 IL&II 0 jl.ill (i) :6.5 JdiJI 

• AfaJI Jjla £ Ju (^) 

.'ig.-s LjLua-a J’.IC-IjJI j S-lC-lall jjJJ AgJI jj£j (jl i _ 1 -n.j 4(_5^>dl dll.aKj 

jl£ 4 0.7 V (> 9 >^l Ji£ iijj • V he ~ 0.7 V j ccUjll 2JU Jl Jliitfl 

j)l l^\ 4 £-0^-0 jl dic-li jljj JJJ-G ^-IxJ IjA J tljjoi^C. 1 jUjba jjlujjjl Jjll 

(jjfL 4 jlj^’lVI ..^.2k J JA. jJj till . (Jj^3 <1U. (jjfL Jjlojjjl Jjll 

tLixiLol ^jIaLq JjjJ ci-aC- lM> A-L^aj (Ja*j (JalA_jj^ (j-o SjlC. 
4_l£l^)3l 4 jj» n-ill 6 jLuoVI (j^ c ^"i^''i A_L^JI j£l . ^-^1 t^Ui C 5 ^ c> 

(j^all (jij (dlC-Ull j S^C-Ull <L-aj ^C. (j;)} (Ji.^11 ^^ic. tJalji 0.7 ^JjouJI ^gaJI 
(jC. i(y be (_^0 SjJXx^alt dlljjju c_fljjaj 4-liii^ .6.5 (J^oj^I ^ 

(jSl 4 (^5^ ic .JJ**U ^ L>°J * i b 6 AAixjJall a jLujV AjL^JjoiVI 

IaIjJ ^iJI 4(J^„JI A-ojILo (j£-aJ 4jpl *(^* c = fab ) ^ t -0 ^■ u 

(J£juo]| ^9 A n^\l Ij-oLoI jL^-iAll Jjj!l3l >/r\ jpj ilAjL^J 4(J^^1I 

jA (jl J tZ/p jA ^JjSLaJI JJ^fc <ft\l (jl jLlic.1 £-0 4 5.4 

AJjILo — 1 A^JI j)l jljJC-Uj 4 ^-gLaVI jlj^S iVI £-G 5.4 A_tal*-<JI (JLaxHuiIj ■V be 

: Jc. 4 JL.V1 dJU 


L_fljja) tlilj LS^"^ CS^j Aj^Ljjl AJjUi-a cJaljS 0.7 j-a >H ^ 

. >11 ^l^jj (jl cjj“^ ‘5.4 (J£j^ll ^ (jsJ ejljj Jasa 
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A, = A, exp (eV le /kT) 


(11.5) 


• 1 1.5 A_I^I*a]I (J^l&Luil 1 *n5i>AJ t^)Ln]| ^9 'byAx woll cILjI AajULa C- 


AI t =(,dIJdV l ,)AV b , (12.5) 

fj <-ojlLo i_j_j1Lo 3/ b /dV be (JLoj laSj 

sjtj^ g^l'j ir = \/(dI h /dv be ) = \/(I h e/kT) cSjLii 

:(r = 20°C = 293K) 4i>11 


0.025 a 0.025 
r i =^— = P^— 


(13.5) 


I b j te = 1.6 • 10 19 C j ik = 1.38-10 23 J/K j tkT /e = 0.025Vjj 
12.5 aJ^I-x-aII ajIj£ SjIcJ ^jVI . Ja*JI Aiaaj Sic* jUlSlI Iaa / c j 

:AJtill AitJj^allj 


lu = —V 


be 


(14.5) 


S^ix-L-all Cljl^)La>V! A_1I-^. ^9 (Jaxj <■** 1C.L21 J A_L^aj j! A-ua^LiJI 

. ^S^n5ll AlU. ^9 IjjjJ (Jaxj^ (JaC. V cAajULa JaC- 

j3 ^ j t^jl ^IjS 3 j 1 SjIc- (^IjIuIaI! lLic-LiSI j j!Lai^jl jIj r ^j9 

> # > 
tjjatjj tl jh o j Liajl cjl jj.uLi.all > r <—a >3) r c =10 5 Q J 1150 j 50 (jjj 

% 

14.5 j 10.5 (jULUaI! .(hj — j (3 <— ^h t jl r n — j r 

6.5 (JfLullI ^9 ^91 £a 3! Ajjta A_1 uaII a^)J*x^a.ll CIjI^Luj^U BJT _II j>^>a ^-i^AJ 

^j^La j^9 iv be IaI ,i b jLnj A_i9 1 a^Via jlilII ( x^iA jAjj 

f t 

Af&ix-ll aJ^jujI^j (jUajj^jA s.lg •n j J^.^11 ^)Ljj (jV c^jIaII ^^9 ^j^II 

^ ‘/3i b =fiv be /r i =g m v be 3 gSL ^ >j .i b =v be / ri 

% 

ojIjJLj ojjailia AjjlLo <-uuj .BJT_13 Ajlalj g m = j3j r Ci>ic.l 
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-6.5 Jlili) BJT _IS ^ sjj c !>Uj tFET _1S b^llbl 

4jl^. ^3 VLaxHml JJ^VI Jajai^all jl V] .4j 4 x^-i\ -ySI 4 ai 3 bs^)x-a l. iVl l|^ 

.FET _SI cjIJj ^ JU*lu,7l ^bulbil g ffl V ,/3 jbilI ja BJT _SI 

(4.5 JibSI) FET _Sb b^bbl & BJT -IS bislUl SJJ <bbb 

aJj.W.a bu3 .lib FET _SI blL^. ^^3 4 _ul g 'l5UI (Ji-lSI bajlLa (jl »l ‘nbab 

• BJT SI bSL^. ^^3 t^jl _jSj£ 1 “buj tbjjuaj a jj» 

^_3 4 nibt ibL (JjjS BJT >^i^SI dll jb (jVI Km n i_ij^u 

{_$_) j .e^)j»>^>ll dl^jbiVI gr (Jbuduib cillij t7.5 j 18.4 j 14.4 Jl5.'.'.VI 

V ( . ‘4»JJ ts^bj4aj i^-ljlli AijfLo ^glc. (_£ji*_l BJT ( VN .>1.0 I—7.5 J4dJI 

(J5,41 ^gi I 13 j ,^^)dSI bojlLaj i (Jilll J 

b^)xaa3j t<S “balLaSI i_ljb!LaSI jliiSI a jllj BJT j jlui jjl jjSI (jc. i_J - 7.5 

ajll i_Jaxj IgiV t ^)b.oSI 4jjUajSI ^gl C. L_ljbLa3l .~lg •yll (_£jbaJ^ bijl S-nll 

A-j jl b ill jl 4_il»'ill s2aj 4& ^j.n'N (jl cilli ^bl i al. ■>; .i_ljb!LaSI jLiiiS j. ,-n 3 

,^41) H*1^ J-4j blSlstSI dllljlSI Ij&j .(ujjllLaSI jbdSl (j-nij bu3 baj4« 
J5.aH Bjll .ilSi ^yti t^j^aS dljll CllbjfL&ll Ja*1i t((_)aj^)& 20 (jx jjlc.1 

V l r ^aadabl Jil bajlLa ^3 Jilll bc.1 Sin.il ^la*J_jil jbuJalj .^ _ 7.5 

bjSlfLall bojliLaSI (jli t(l <igj3 . >i"l ." n-s| J jbd'JI ^^ILajlLa ^ 

r, -all bajlio Lai . f'. ^aSl ajlc (jj^J J R | jb'cb (jjILajb-aSI 

bojlLa ^ ljb£ jj£I ojlc. (^jl jSj£ 100 j 50 (jjj l4~ i - a j i ^ £-b ^^iSI) 

% 

iVI CjLq jlic (JLaAj ^ ^ajl 10 C5^^) 

^_ill! 7.5 J_ SjJuII *nix>\l a a __SI ^_^>xSIj 


j lib cj^a CS^ 4 ]^>q‘i cX??*^ djlpl^abl 

^LjJ qa j)^> n ^2 J -^1 X j 4 X tl^siuix J3 jUll 

./^ 04C.U1I 


274 




. 9 SjUi! jjimjj!Qfr 'Uabilj'VI (i_i) .BJT ,-»•*>(i) :7.5 

t f 

(JaLsjIL iil A a £)| A lal< a tjjUia jLu SjlJ {Ji 4 <*'<a <_ijUia jIjj 9j)j 

./?L <> f e u'j ir i O 4 'j 44 * J 4 ^ /?2 J U^J® 44 ^' 

:*Ujg >>n l^_ia ,ig -s'l p-cjj (jfLaj 
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V 


(15.5) 


v 

A„ 

V • 


be 


Pi b R, 


ir : 




= Sm R I 


i * i 0iu 

out _ o _ r' b 


^ _ out _ o . 


p 


i JlJIjj 

(16.5) 


•^laJJjui) ft jjlui jjl j!ill ^2 jLn]l jljlll t(ji] 

Xc.\ WnuVI L.I '{ R l I jliillj <jjlLa 5La^-a r, uj5^ u 


p VI, . 

4 — oul — I ° °l — 4 4 — 

p ~ p, _ iv..i..r IA ’ A|_ 


BJT 




p-R 


(17.5) 


ILL <FET ^ IK 11 JjxLall jj <1K ftl i\*q La j\j£* j 

BJT AnJVqll AjjIAjII 4_L-a^l ^ jlj^l (j£-aJ <jl Ljajl 

6^)1 Aj A - 7.5 cJSL.ja.ll dJa 4A^jIaaa3 • c_J 2.5 (JSLjIII ^3 A ‘djia.!! AjuAj^\ Ax jx.^11 
LLaj IaI (JjJa^l Lo^j 4A^)LLLI ^jj aA Lnll a^,jI {£ cc_j — 2.5 J^ahII 

.(L):. v \.^3 jLnll £-ila A - 7.5 cJ^uJI 


3.5 Jllill 


k^xA (J^-A (_£A*J LS^ l — 7.5 A‘ill ^3 ^UaII (JA KK^ia ^Ax^a 

(J^xxill ks~ia (Ja^. <LajLLa ^jl (jj\ 10 (_£jLujj 4-K.A 4 juIaa ^^.1 

jA L-J jDa ^ l l <j] . R l — lOkQ (_£jLuiJ 4-^.j^a ^‘ - Llg \ l — 7.5 


oAA^)J Ag.£^I a £a 4_lx^aj ^jLLI ^Ax^aII (J^Aa 1 V 6^)1 A3a Ag ^ 

(/? v <LajlLa £a (JjaiLaxill ^^Jc- tV ? = 10 111V (_£ jLuiJ 6 A^.j^ <_)jjj^)A 100 (_£jLolJ 

t-*\V*X ^^3 L . ^IL-aII ^-v i JoaII o_jl A Lai - AjB ^3 ^ Lll ( ^^_Aa>Ll (J.*kA^ ^-a 

_jjljai^jl^)ll! ^Ji ^ajl j^a^k ^Laj«all]l ^3 (J-o*jjajl • 1 18.4 (J^xjjII ^^3 A \n*all 

A t^ULtall 4 t^all J^jojJ ^^3 ^)-aJ (Ja^. L-k t A - 14.4 cJ^ ^11 ^^3 <Aua3I 
AA^. .V”^ =12V .^jLj J J A^..?fk (JaxAujI j .(JaxJI lr\ C. ^3 ^3J (J-aC- 
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(Ja.la (j-a Jjja) Z a ^jall 4 *aIaaj Z ; lM' <*jLaAj /? 2 j /?, j i? E j /? L 

.1 V (_£l 4 JjjoAa]I ^jaJI ~ig -y ^ li»"l t j]| R \ji u3j t^^Jjll ~-v . >■ jl 

jlii]l Sjl-i l_J — 18.4 tj&ulll (jAlJ . JAJAAaII .ty'vll ljUxujj^ ^ja-uVI 

^gJJ / = 6 mA J V a = 12 V (jjliaajll (jA (Ja*\II JLaa. ja 121 . 2j3lfLall ^aA*aa3I 

Ja*JI <laaj ^gJLxjj . R l + R e = 12V/6mA = 2kQ jl Jj t^r~ 14.4 J5ua1I 

4 7 c Q ~ 2.8 mA J ‘ v ce q ~ 6.2 V (Jail -la 4 a i Ail a J o jl 'ia aI I 
4_ojlLa3l o-J o j_n8ll A Ajqll (JatSkJ . R E jLiia.1 Ljaj jVlj -4,e ^50rA j 
(_ g2JI 4^112 jA ^IaaII J. ■ JoaH . all jV ^jjJI 1 g '81 4ljljall JjJaSl ojlll 

jliall 12 a jl (JaLaI Je R e ~0.1R l JAaj le-i --l 22 R h Jjl Cm Jfrlj 
dlU.j^ CjtJjij ClLkiajal 121 ^j£l Ig 1»a Lajlj An«I UjL Laic. tUajoij 5la (JaaJ 

A;gj° i . R l = 1.8kQ j 4 R e = 0.2 kQ 4j2l .4^112 4 jlja a I I Sjljall 

12ja 0.56 c 5 jUj 2^121 ^ j! J t0.2kQ-2.8 mA = 0.56 V R E 

(_ 5 jLaiJ (jl 4_±aJ <2 ac.Ia]| J ojc-lall (jjj ~lg all jl Jl I Jajj <L gjJajVI Jl 4_nnillj 

o-lc-lall -i^a. (_5 jLaj jl i_iaA 4 Jl jj!Lujjljo]l JjaAj j£ U_j3 0.7 
lsj=^ sJjj jl >■ . i>j -iga. 12 a j i LS jJaJ ^I J) AAAjoillj 0.56 + 0.7 = 1.26V 
Jia 7 1 4laj jJ lii£Ll ,R { = 1.26V//, 4 j2j . jLiajVI -Iga ^A»J ^$211 -igaJ 
/?, ,1g all jja-a o Jjj S-iC-lall J J'nuA jbj jjja .Ijjj Ljjl Jl IJajj . jVI 

jJajIsa jLail jLjll (_£jLul1 jl a.Ij’N 'I A \^ 11 CjLui ^La-all (jA jlj 4 R -, J 

j&\ I b jl£ 4j^i /? 2 J /?, ^gi jLall jU]l jl£ LaK 4 Ua 1 .107, jUaiVI 
^gj kalUl tiS5l g’nul jA -ijjj *_s_^xu 12 a (jSLl .o^l^jl Lajiic. I jl jfii >J 

‘H^l ij jLilll j 4 (_)a.H <*jLaA (j Aq’nj 4 jl ja VI ^gAA jlLa 

jllijj Iluij (Ja. Jl laJb -l^ 2 ujCja jjc. (Jac-Ua I g »ja-n j 

CiLajlLa Jj^aAlj . 7?, = 1.26/0.5 = 2.52kQ 4 7, =10 i b = 0.5mA 

: jl Jaa.5U jUajVI 

R t +R 2 =y c d I \ = 12 V/0.5mA = 24kQ 
' ig >1 1 CjIIxla ja t -»jA i Ai Jaj£j I . R 2 = 24kQ — R , =21.48 kQ : Jii I^aa j 
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i l/3 lW-^j jj-ui jj! ^ii! cJ-^ (j] • ^>a1^ua3i 

.Sjbll 6^A ^jl^jiluaVI IjJAi l*ag *llj (jLaj^aJJ ^ixj 

jUHI Sjta Cj- 18.4 JLfll c 5JJ .c-jjUl^i jLn]| ljUouj j-a ^ja*/ai 
4 J— 14.4 (JSajIII A n^ll ajl x^x\ j)-a .^‘N jJ*aa\l 1-AgJ AjsI^a]! l_JjLi1a]I 

Ja^Jl (Ja-g c^ iumi c > \* ksi <LajULJ! &^a a^cl& ^Skij r c ~ 60k^ j j3 ~ 60 <jl «A^j 
. r y = 0.025 *60/2.8 = 536 f2 gSL 13.5 *£**!! 4(j^! 

* 15.5 a£^-*J! JLaxILojIj . dA*jLa-aJI j ^j^I! l-jLo^. 1 ^ & ja ^ic- Lil 

:^jLojj (jl 

A v =-/?(7 ? l ||/?l)A, =-60 (1.8kQ || 10kQ)/o.536 kQ = -171 
^-s » >> x >\ l (J^-i* ^ 10 mV • 171=1.71V J] I^Aj 

j-o <Ji^l 1 n^xn -nII ljA .Ja&3 1 V J] ^1'Wj (_^-^l 

^Jaxj i**n*s ) R^ ^LojILo cJa]^3 ^\\a 5.8 -lal^S ^\\a 10 

lOmV -r. /(r. +R S ) = 5.8 mV ^aJI r <>j l$i* jji^ll t/j?^ 
^.Uj . = 536 £2 jV /? s = 407 £2 : jij .iiS ^ ^a\ \ (jk-i* 

£-0 (JjaiLailall j Jhljk 10 Q^-> (_£ jLaiJ £jj-c ^ ln»J ^1c. 

^*s fc^ixiM (jk-La AiC- Jalji 1 1 ..^.-^k x>)Ml Jju ii? ? = 407 i2 A-ajlLa]! 

.Z. = r = 536 £2 (_£jLaiia SjLujVI IaIjj ci^.^31 ^juLixi Lol 

= R l = 1.8kQ ^AjJaxSI 11 a 

r. A-^^jk'1 a (j-aatllujl L r J lJj 4 -qj Clljl£ I 

Comparison of amplifiers CjL^ixAil 4JjlLa 3.3.5 

(_5^a.Vlj jlj ^)AjaJI (.“n-s (j^s .'Ig ~n ^ ,>>^ j& FET _(jl ljJata.V Jal 

; -»8 Vu jIjj jl) jUj ^-n jA BJT _SI jjlj t^g -sSIj 4j 3 jlij 

4jtjL<ui jj v i tdSjj i FET SI (J.j». >'i".iS ^ jij jasa diljjjj^Sj *S» . .n 13 . ^ jLiilL: <^b 

ojLail jjj£j v." ij-s LJjl I <\-s k^ta (jj£J LoLoj Loj!)La (j_j^j I3S j (Iji^ *S_iSLc- 
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£_Ua5 ^La^. |jA J!1 aJ Vj . (^ r.1 Wu AH 4 , >>Q^ 1-1^. 4 Qj» ■ >> (Jk«l5l 

4£^1a5I ^ (JaI£ (J* ~nJ Iklj 4 (^ n/HI ^ja l^)LiJ V) A_LixjJa5l &_jLoiVI 

(Jk.^1 AjuIaa l_uuajj .A_Lk*iA ^^ic. cdJja j^)£a5I JL^a LJlc- (_£i5l 

Jjis 11 a (j£5 11 -i2k l^)jj£ jjfL (jl FET_51 a^H tin mV 1 ^j^)J (j^Aj 4 ^ a_JI*JI 

4(1.5 (J5.^51 ^)Jkjl) (jA S^ikVI a1^.^}a]I (j^nlad]l (jfLi ^5 l-ij A_iaAVI 

—51 (jl ^J Ijlkjj . ^k x >a ^ 5 l J^.I^Q ^3ka a ^ ^jjjjJall jA ^ .. aJ I ^Jj <jV 


jpa cAjJaikJus (Jk^ AjuLaaj l. ^.wra.Vj Ajl^ 4^)AA j)A ^)Ljj ^A BJT 

AijlLa jIjaa *- .kxAlj Aiji 4L_nxll 11 a g.I VnxnLj .fijlc. ^jl L_kJVI Ajj^>a 

_51 ^~>k x.^ia «l*j A_jjlll]| aI^jaII AjuJa^l Li51ja 1 Ak ksia n*j Ii5j ^FEX _5U 

(Jjk^jj ^J^)5I AJUI Aj5a* 51 djLAk-jJa-<JI (jj (J^kll (Jj>Aa3 (j-al Ajjj . ^JjVI FEX 

% 

,<alikA (j-al^kj <■. <a x .on l_g_iA (J£ 4 ^J\jjl 5I ^fk-jJalJI (J^.I^)a (jA £jJa^ 


(ja c, k\\Ti ^1 4 BJX —51J FEX —51 CIjL ok-JaA ^^)k 4 -xjIaa (_£jLojJj 
(J^^kll AjuIaa (jl ^Jj I^Jkjj .SjIc- ^jl ^5 j£ 5 <r c jl /j £a Kl. j^ia R^ 
(JSuullI ^3 A \ua 5I 7?^ A_i^.^Lk]l (Ja^JI AjuLaa (j)C- c_flllkj ^^1 a5I) ^L 
AjuLo-o (jj . Z o ~ 7 ? l (jj Jjk5l 1 V\^Lftj 4 r jl /j <jA SjIc- I^)jj£ x^il (l — 18.4 

A-j.Ilkll IJlc. A-aJ^Lc CjjauJj Lo -1^. 6^uS ^ajl 5 (_£j IjolJ 
(jjj (j^AJ (_^l 4buffer (J!^)*-<i (_^Jj Ii5 .s^LiVI-j ^55ii3l aJ^.^)a5I 

IA-Ia]! Ajj^)a (j-«^ (JI^-aII Jk.«i AjuLa-o (jl *>. .^-ikjJalill 

I^A (jA ^lll 6^)1 All ^^ajujJj ’(^J __^j) S^ikj-a A_^.^)k. AjuLaa (j^^k (jlj 

(ii5jlAA jl (j^j> (*r^ ji BJX J) emitter follower ^ 

4 (^j1aa J (j^j>o c-i^iA jk FEX) source follower ^1^1 J 

jii*J t(jjj .^jl 100 l^.^)k AjuIaa (_^jLujJj 4 I lg-i3 ^-2>JI L^J^-^J 

4^» nA ^jIj jl 4 ^jIj 6 »1 xj (^^51 4<iljjjaiAJI ^n*5l jk FEX 51 


4_ajlia 4juU«i^l ^jl ; sX- y> <JtjL^aj 4xjL^a I ^jjj jUxJl ^ ->aqj 


.OVUJI 
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I^. A AjjlJa^aSI (_j-al^aJL C-fljuaJJ l^llLa-a J^l^-all ^^jLj 

I-1A ^a»a. Lai .Ia^ 6^)j «>.si 4juLa-a j 

(JjjS ^lill (_^Ajiiil 6^-^l iS^ (JLaallujVI £jLuj ^Aj k^xa ^j^fLJ ^L-aJj 

.& \jiti)i I ^juJ 

(jia^jj-all BJT _SI ^A 6(JLa*JjoaVI S^plj lg Vsl c<j^a-a (_^^>^l AiiSjuL 4^ajj 

fi^A t- Q.i^an ,<jl^3l <^J_j1iu1a1I j! (jia^jj-a]l FET _Slj tfi^HSI iil^)jjuu2l jl 

^jjc. <Laj3 ^Aj 20 -3^) ^-3^La ^jjc- <jJai^-Lc AjuLoaj 4jj£^a3I 

.ojIc. l^_ia c_j jc. j-g 

jL^alkU c _^3 BJT —SI j FET —SI cijL^Ja* l jn ^ j^-VI cijlj^l l-*l 

^4-lIal J AnScJ (_£^Ljj £-a pvi ljlx-a jj AjiJa^SI AjjUlj a jjg Vi jA BJT _ SI (jl 

_SI cAx-aJjj - ^ S-»qa 4_nlc«l ^)Ljj fiA^lj A Sx*oj^ 4 nJaqSl -li^j FET _SI (jl (jAa. 

Ia^Ljj 4-allLuil jj£I 4_a,^a, (j^ajL^aa. CjLua^La q)! c4_llaa. jj£I <jU I x>ijl BJT 

4 JSI 5ilJa ^SS^umj FET _SI ^j£J .FET _SI ^^>a. ^Li-^-iq (3^ LaUaijl jj£I 

^JaxJj AjllLa ^jj£I 3^-3 BJT SI Lai (j^i'N^jl j ^)*_x-al A \x > (j£-aJj 

AjMj (jl ^J] l^)Jajj . (jiajC. I Aj^JjjII AlLLalLoJ (jl 5iLja] i^^lc-l Cjl^lJa-bual 

-S' g m = 2000//S j BJT _J! ^ g m = 50 000//S) j4 ^3 j*xJI 

ajs , ig-s' l ^cjj (jj^j <jl (j^°d ‘(FET 


Ia^ ^jjjr >.o ^ ' 3 J-oliLaJ! ^Kuil ~~n. l 


Decibel Notation for Gain J^u^L jujJI jjjSj 4.5 

£o-iaj tdiVL-ajVI u*i JjjS (j-a t^LajJVl.aS ^jLnSI (J-axll ^jJai^J 
Jaj)a^j a jLiVI CljLaJLt-aj ClAakjgi^&ll l»g_Laj t CjI Vi SI Ia_jjC«j CljLa^-jJa-aSI 
Ig \a a^.1 j l ^ x ^J L^l) ^^-SSjjSI cJLLall (JdJjoa cdjVL-ajVI 

x>a^ j ^Sjl ^j-a L—klljJ C^LLa 6(_^-lLiJI ^‘Nx^a^Sli »^ 1 ,^-j.Sj ^IlSI 

^j-ajJa ^JIjj]I Lt-a Cljl^'Nx^a^SI a^A (Jl-ajjj t<C»lJaijoil ^xa-jJa-aj 

^l-i^. ^Jliilll <!jj«a^<JI CjI jj.^ >aSI o^l ^j^>ll (_5 jLolij .LiSlc. <jUI 

(J^juoVI (j-G (JjSj ^3 6 ^1^11 ^-J^>SI L-jLat^. J .Aj^l^VI 4-^.Ljl 


280 



(jSH .Lla V>iJ 4j]l!iLall J^J^aSI ^Ljjt dlLaJJjlc.jl 

.VAj-n .AjltiLa dll jjg Vi A£.jA-s a! ^LjVI jlj-.A, J A, j Aj 

decibel dB A Cf- - A =A, -A 2 -A 3 ••• +*aj^a A 

:'*'“ LS ic- Jaaxsu 

A dB =10 log A = 10 log(Aj A 2 -A 3 •••) (18.5) 


= 10 logA, +10 logA 2 +10 logA 3 h— 

— ^ 1 , dB ~*"^ 2 ,dB dB “ l 

^uIjaJ tJn‘*nJ 2 (_£jLuU Ajlc-ldj^a Jaj Its ^ya 4Ajhi<i dillj 13! 451!1 a3 

(jlS t(Jn“i_p 20 c^jIauj 4j3 +cA ]+i..i V j 1 > Va j 3 4jlc.Lidi 

.(-2dB -3dB + 20dB = 15dB ) 15 ^1 

ta jjg Vi “Ula. .(jjJJc. Vld £a (jAlaAj 1 Vn^v -laaS J nun.Al ^^jxa +aj 

dB lid J^Lall A£-\ A’naV' Li l 1 *J t^i~4 >.oa'I (JjiiS C+° 1$1 

: A = P a /Pj ^+&UaljoVI +jjaij ^jlc-jL 

P,„ 


dB 


: 10 lOg- 


(19.5) 


< ^ C *' laJjajl Clljl£ lij . (J? ^)jaurJi jA liA ^aJJjlc- ^111 

SjLjI! dljl^ iJal J 6 6Jal^ 3 ^£jLaia 

.3 dB JjL* l^Lj ylS3 ^Uaix-VI <^ 1^0 ci J • 101og(6/3) = 3.01dB 


_jLnll 4-}i 1 Ja^V *Ap Ac.1 WunVl 3^-J O'® P <^SL*dl Jdd! tiSAa. l^nn/ill 

.A p = |A,.A V | Ac-UaluiVl t A v = V 2 /V i ^ pj d^j‘Aj =I 2 ll\ 

Ac-UaLoiVI ijc. jjjxiil Ljajl AJUutLoil (jfLaJ 4ili tAjnai <c*\ Wn J {jc- JjUju j& (Jn*>n2i]l <jl a£.jj ^ 
1 (_£jLaU t A m.Vlg \1 (JW“° CJ^ (3^ CJ JL ^'^ Q A£-UaJjo)l (_£ jIuxa L_Lj^)ju Jisu Aq\J->dl 

A&UalxJ ^^JaxJ Jal j 15 lA^I-lLa <C.UaJLuil *>>AI • P- AjL-a 

dBm cs4^ 1 (s*-^ (_ 3 j 2 101og(15/0.001) = 41.8dB IajI^Lo 

.41.8 dBm (_^jIjojj c_L-ajj lil .1 mW ja <j! ^Ic- aJVAI 
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I Ajjj) k<~x\\ WntiVI 3 dB —" u' iA 

A) ^jlluj-dl ^3 is S* ^)J* J& 1 dB) (jl (_£jLxll ^J^VS k1\W (j£-OJ 

^Jj <c.l 3-nnnVI 4-ic.l >.s^a (_£jj j (jl ^jjjjjill ^^.LLdl (j-a (jl^ 4 ^.kxl&Li (jl ajjJsJI j£U 
100 _$ 10 <C>1 J-VutiVI (_£ jilui-o A^C-LiJa-o ^3 <._Aiila ^)jju 

^il£j cAjLouj ^ic.j .30 j 20 j 10 cSjLojj (Jm^pllj SjLj j 6j-o 1000 j 

. — 30 j — 20 j — 10 (_£jljajj ^jjjULdl ^jjjjjiJ <C>1 InunVI ^ali.'k.’al 

J> # 

Ajlli£ jfLaJ t jUllI jl ,1g ■>'! £J^)a £-<s A lull iu Ar-I Wu.'VI j| ^Jj l^jjijj 

c^l£ lilj .A dB =10\og((V o 2 /R o )/(V i 2 /R i )) 'iki^lL Lj 19.5 *U*-1! 

:_J Aj .1 WnuVI ^IaC -1 l /? = /? 


SjU JL«iJ ^Slill t>j -A dB =20 log V n /V i =20 log I 0 /I. 
jiiaJ j±luLj2l JLutU jl A2 ^Jl i ol . >> i . R^ zfc. R, j^£j '■ * ' a^i^-VI 

(_£jLoij (_j2l .>iall 4^liLa3 . CjLai_JaAI ^3 L .'' “'^' A ■ .i AAjjJa 

cV . AikJ -A^-a. ^glc- "b^y t_allj V 0 Y T~ Ajjj jiNuK _jA 4 1000 A_l3 a^LijjYI 

jUaa jl£ I jl c jjj jUI Ajjlia jj~». tla y£- j .60 dB (_5jLay Aj 3 jJJ jl (_j 

^glll ojLiVlj .6 dB J I^-Lq ^51 l^jl d^)iic.| 4(_5ji.VI JUaa i- La&l.ii.j 

j^jill ij[J*y\j c20 dB —j l^-ia j2l (jjSj 4(_5^i>.VI jUaa jliial 10 l jU-ia (_j jLuli 

—J l^lo ji- 4 - 31 ) — 6dB —J I^j-O JjSI (jj5li 4 (_$^>i.VI JUa-a tjy 0.1 (_ 5jL^jJ 

—J l^j-a ^)j£l jjj£j 4(_Jji.Vl JU^a (j-o 0.001 IfrlUa -a (_^jLojJ ^^jll lilLj c(6dB 

.(60dB ^Wia juJ) -60dB 


huJl\ AjUIu^I 5.5 

Frequency Response of Amplifiers 

j)C. (Jiluiaj Clulj AijLdl ^JalLdl ^2 al i ^21 A jl l'u>i jjAh) a 2 

CljljJjill ja a jl -n a ^jc. llLlj A j_j 5 j 41 '.Ur. jj] . ji^ 2 l ajUiij ~~y j jUaa 
Jl>a,II jLa-all 12k ^3 ^Aj^l -lTlidband JaajjVl Jl>all ^j-oaoJ tlaa3 
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(Jl ^ ,g 11 (j-a ^Jc.! _jl LS^ L5^ Cjl.l^jd]l (j«*vsj LgjSj » )-iudjVI 
Xic, ClAa*^.* ICA l_iIjjjjI LgI . ^1^. j! ^jaLuAj 

^j^nVuti'i LicO .aJL*J! CllljC^)j]l XiC* aCjLoJI 4_jC.^)£ill CljlxjaJ! j <jJa4:fkjbail dllcC^)j]l 


4 , >>qC ‘^\i CjI 


CCjjII 


4-uaia-Ljj| dl Jjjlll AjC- j]| ^jLuaSJ 1.5-5 

Gain at low frequencies 


.RC 6^)1^ 1 <Gg \\) (j-G l_i]j-G 1 «G~N k^1A \~ 5.8 lMI iS^. 

^)J^)-g j tlAAxJ jl 1 g \ A-gjILg tj?\ £-g i^kjJa-GJI (J^I^j-g CjI^SLq j)j£j 

_^A JaJ^)ll <3 j^-g j)-G . I — 7.2 (J5 /till ^9 (JAIaII (Jjj 9 (j -0 A2lc. Clj|j.^j3 

UmJ (jl j)£-GJ C* 1J^) AJllil! ^ad^jJalJI <1 ^.^)-g (J^.C J] ^GJ-uuJI jLjjll (Jju-aj 

Lg] IASjj .4jJI (J^Jjl Vl^H SjLoljU ^LgjoJIj ( ( JjiLol^jl Jjll 4_jljl S.lC.15 

^j-G Jj AiLcal^ ;JULg ^ic. ^&^a (jA^iL ^ <3.2 ^J^LgII 4_i!! U^cil 
-Ij-G^lJI J.iLG L-jLud^. (j^-GJj .LijJI <SJ^a1I .VaVi C^J^)-g]I (j-G ^J-GJjoIa]I ^Lilll 

CIiLgaI i" n^>. 6L_i — 8.5 4 u^aII o^)j* >.s-t\\ S^LujVI 6^)1 C ^Cj-GJ (JLgxHuAj 

^•\.xCa.All a1^.^)-g (J^.C Aa^ULg ^j-g l^)Jj£ 1 Ag iV R ^ J R\ (jliiA 

A-ic.^)i!l]l <ii£jao]l ^j^lll l)\ . Uti ^" ^ LgaI^I LgjIj Lij£-GjJ r i AJlii]! 

-iajaijVI J> a\\ k^a\\ (jl 615.5 (JIaxILoiIj .( R j 11 R 2 11 r. ) 

^ l/COC V J J <j* U^J^ 1 ) K =V b 2l V b\=-gnS R l\\ r i) 

-^C-J ^_gA Aij^xiSI j)l ^aJ (j-GJ 6 6^li-k-a JajaijVI (Jl x>ll 

(_^jLolJ ^/? L J r ^ALkJaJ ^-GJS C Ci.Lj.2k 


jJ^_\_ jMC{r +R l ) 
r t +R h 1 + jCOCi^+RJ 


(20.5) 


“8.5 (jxs (jliilt Mjjiaj) 


i 2 ^a 
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A v,i =K -jMC ( r i +RJ/(l + jcoC (r +RJ) 

^^all dljJjallj JajoijVI (Jla-aSI oldiL CO JJijall Jaljj £-a j 
jjjj V ijj) . lim A , =A jj tj\ tl JJ Jjjdi a^Ij Ja. “Uua LS ^ijj 

jl t^Jaall JJj!i Uajc IjJj .AjIIxJI dil JJ jail Jjc. ^i>ull JojJI dlal&a 

:_J t^X.' LTnuLO i_dd jl 4jjl Jl JjJ 


f,=^~ = 


In 2nC(r +R L ) 


(22.5) 


: Jj La (jjaj a, t >in ull dljjjll jjc. ^jJI SjLc. ' V5al 


! a is, _ A i 
’ i+jf/s, ’ i-jf./s 


(23.5) 


V <^ 5 ^) ^SIJaaJI 4*ajq\lj t L.J ^A ^J^}1! (JlJa^a ^j^fLa La IJlc-j 


2kJ Lq_iB 


oB i. >> u 


A +<f,/SY 


(24.5) 


14 • « * > 

Cljlaj£-0 (jij . 8.5 Jisll (j-G JjJJjVl e^aJl AS^Jtll O^A (Jj-GJ 

(Jjj-al_9J -la^jc LS"^ .Adai^i-dl dc. dial a ~\ ^j-o JaJjll 

4_ijl^ll JJjj Lol .7.2 (J^dJI ^Jdl tA_JUI Claldijjll dal 

Jg ^11 ode. <_£ jLaia L$^ ^<C.l LinnVl JJjj jl -iJjd 1 *>nl 

(jc. 3dB —J 4 _^jj cJ% (_£^1 ^Jill jl tJajoijVI (Jl *><dl a* l/ V 2 

(_]s £_a 20 dB jljLaJ ^Jaidll ^iljl (jl (JLdl jja ^dallj .Jajjj jVI (Jl •> .oil 

(j-o BBC. (JS1 20dB (_£jLoia ^ WixJl (JjLftj JJjj]! <Lad Clalj-a 10 6jl^« (jdlidjl 


QA A_lil-C. dlljjjj jJ^aJ ^d^a Jjjd £jd Uj^jJaA A v -daijV' Jddl ^ (jl (j-a 14 

.15.2 Ai^UJL Jaxdl RC I Jill 
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dlljJ^)J dljj-all dlLa^jJa-o L<u3j • ( dll 

.^_il£ IjL^, \j jj^a A >/nN dljl£ Vjj t(J5l J> f i = 20 Hz (j c . t4_daAdlo 

Jj ^IdaJ C <daiddJl Cjbjjjll dc. oJLi^. AjL^JjoiI ^ic. (Jj>^vs\\j 


(JLojujjo!j l_2£ djlaj£-o plxlj 1 nlc. jl t(22.5 Ai^-sJI ^lajl^ C j i? L j r. _1 

^jjojLia]I JaJ^)ll dllj dlLAdjJaxJI (j£J . .J-a‘4^ ^jujIaaJI JaJ^ll dlLAdda-o 


dll^)!j]l (JLaXJjjjV ! AjtjLal C 1^113 £-G J IJ^jSIujI (JSI j ' AjAx«Ol 

diW^A JLd*iLail jmj t^^dl A-i^lj (j-oj . I^j^ l^ia. diLaj5La.il (jV 


(^jddajll SjLs^J^ R d j /? e jUaJVI ^^J-ojILc £-0 LiC.^)ij £_dajJ ^jJI 

dll j (J^I^aJI o^^xIIaII dlLaddaA]l dljl£ li] .<LA£ja]I dJ^UI Ldajl ^LaC. ^)JC. 

^lc< l$jl jj^.1 ^a^c. Jl l^lajj tdlljjll Sk\ -N^fcl ^ii-x-aJ ^9 1.1^. o.IlLa ^)joiLia]I JaJ^ll 
c^ii-ui £_la9 JJjp L^-iS -la.jJ V I(_£^)dl <Lal& Aij-aJ (- Igjli c<Lj_^x_uj dj V J j 

. ^a!LaiJ J-iill Jli. (J =0 Jia. A_Jaiikj-aJI CjljJlJill -1.■.+' ( _ S ^J 


4.5 Jlidl 


• r, =lkQj /? L = 5kQ :c_j- 8.5 Jiili AinJI sJJ ^ Lull 
4 j3 FET .^>^1 JaJI •f l = 20Hz J*>"' JiSI C 2ajJt <£ifLa kxsjS i. nn-sl 

.R,, = 1MQ 


ijjc. Jx^a2kj c22.5 kljlxJI (JLaxilx uIjj t BJT _jjjjoijjl Jill mJL^. ^3 

/, = 20 Hz =--- 

2nC (1000 + 5000) 

C =---= 1.33 z/F 

2^-20(1000 + 5000) 

r ajsISaII jiluj^j! ^jj]1 AjuLoa ^FEX <]L^. 

^^jJoa]1 AjuLaa -^w'n jjdic. . 4_2«. jILq sJoj 1 g \n-a~l (jS-aJj tl^=k ’ijjJ 

FET —SI ojj /? Th c5jLuU Jill lR I gJ^ . a' Jill jUijVI "UsjlLaJ 

:I2J .16.4 Jlill ^ kJJI 
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/, =20 Hz 


1 


2kC (10 +5000) 


C = 


1 


= 0.008 //F 


2;r ■ 20-1.005 10 6 
tBJT _il ^1 & I Jc.\ FET _ll Jij J JJ I 
• I ^)Jj£ ^)» x^-al FEX 51 CljLa^jJa-a (J^.1 ^)-a JaJ^) C1 j1-9jS-c (JL&xiLuJ ^j£-aJ 

*.A\ (Jal L^jLsuoj J&\ CjU&aII q)1 _)jic w^*i (_£^p£ fijj-a &.2Aj 

<Lal^*La51 CjIJAI (j-o CjUTs^II c*n»51 tlLLaj UJ Ua jj £-a .SjIc. 

£ > s= 

V ^xuL^o iaJj Clll <'•*> >^~»-a lillj (j* V«lJ CllLaaiail j tLa^aC. ojjj£ 3I lg*a tjunl 

lillj (j* (J3I i"ll .a A, >>>.all o2a (jl ^C-jj _$3 -3=^j ‘•"^"Am ^1 ^tis«J 

. 1 - il a"i< i^jjj Jajjj 


AplxJl lIi!JJ jlll lie (jL-fijj 2.5.5 

Loss of gain at high frequencies 

(jl (j^ji.1 a^a .l^j t 3*».a j2 ' (JLa-a3l A qj-ii,a (jji La J) £SjjJ La-lic. 

A *aj jjl Ljajl S| ~N '1 j 13*i >u Jl •% oil A v 4"l.aJ^ j j- La (jL-akilL -li-L 
1 3dB jl-iiL<u ^jj^JI oJiic. (j^-iq-Nn j^ Ag.13->"nnl a L.*>'i jl paS 
(_)*ajl >■*>*> £ — 8.5 (J8.'.'ill (_£jj . ~iq* \\ (J nmjJ 20 (JLauaJ eJtaJ (jL-akill ^jJ^JI 
iilL ^SjJa .lie. (_}^a3LiLa t 3-imjVI (Jl ~s .oil jpu^a Clulj :<*_lLai ^~s..*i .0 
t _y3^C. Aj^jjj A, aja. ^jiii^a ^uail >/T\ (_)^ail >■*»*». II oilA AjLuoj .4q3-ii.all 

■“J 5 > f h J ‘lS^ 1 p 3 ^' JJ JP J* /, Uj djJa. t5 =/,,-/, C5J^! <L>Jp. 

.^Vi p»sii 

Ajl l_jI «iic> (jl 3 n>i La 

(j±j 6^(stray or parasitic s^jLill) ajc. jiall CjLuJI 

fiUa*-a l^*33t ajj <9jS-a Ud (jJaL (_£I ^jl . ^jjlalj 

4^Laba5l d j JaU JSi 4_!Lti5l < L^.Luia]I ^a A q\ c' t C = ^*A /d 4-5 jL«_a51j 
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djLuai cl — 9.5 LiSjj .(15.1 ^J^Lt-all l*ag. \\) 4_L-ali3l 

J*-^> ^-a\j}a\ (ja (jj3jla <j\ C cb J C be J C ce s^jLi 

Ale. 5Jl*i Ajc.^)Sj Ciljb ^..u*aj l^jli c(jljli j£i.Jt 4 jjj (j-a) CjIxjoJI 6^A 
^aJ (j-a j lA^iC« L>° -JJ-J -0 cs^j cAjIUI 

,<C.^)S1a]! SjU AxJ fiJ_^.j-a *0^ ^tLaJI ^Lilll (j-^ajW’l 


^a-uxaj 4l3lLa <Jlx> CjI-JJjj SjIj (lj) .jjIujjjIjEII i-iljlal dJjLua ljIjluj (i) :9.S J£a 11) 
.Ja£3 E JjLuiil LjbuuJl jjSI ,jjj di^l j 4.1 a 4J3lLa SjlJ . Qnlyj-a 

ALsI 4-JUI djljjjall Sjj C-J 9.5 (Jj-ojj 

tCjlj^jall <j-a 43^3 La j JajujjVI (Jl^-a]l .8.5 (J^julll ^3 (jlxal! (jjlW^all 
4_jJaLtLujV! ^j^-aJj c 1.12*. ^jSj^j\x ksi C g J C £J^)£i]lj JaJ^)ll ^^li££-a IjjL^) ^lx-aj 
dlAjm^ ^3j c^LaLfc ^jVI ^ CjLuuJI Lai S^)l JlJ 1 -ag ‘^C. 

L_fl jjuj cJajajjVI (JL^-all (Jj^3 ^IaII Cljlj-i^j]l Sic* Jj.W*i\j .Ax lV < j'i<q 

C1j\ qfi^lt ^>a£I J jlj 9.5 (J£jbull ^ (jl^oll c3^J 6^.1 J 4_L^.^a 

.AjJllllI 4_1 ^.^a 1I 4_x^LiJI 4_ac.^)fljJI 4 juui3!j C ce 4\jwi^ (jLaJ ^lill Cj 

l _j <L^.^a]| 6^A ^3 

„ _ v „ _-^ ffl v M (/? L llc rf ) _ . l 


A = ° ■ 

A vJ 


I + j'^^lC, 


(25.5) 
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(Ja^JI <a jULa j)A AjuIaaII ^)JO g m V b j (jo v 0 ^v\.) 

U .(*J|c,) = (R l /jco C d )/(R L +l /jco C d ) ‘C d ^ a^juA ! 

(Jj^ar\ , i A q\]^A\l AaisI! .JaxujVI (JIa-aII ^-3 A. =~8m R L 

= 15 c> 


A r,h = A 


(26.5) 


Vi+(/V/») ! 

!_J (^>J! tAjjl j]l jl -ijyj 

/„ =1/2^ R l C„ (27.5) 

^^3 (_^^i*JI Ajjl jll g.1 ‘nuxilj 24.5 aJlAjcI! 26.5 Ai£)l*ll ajLaj 

AjI 26.5 Ai£)LxJl (jA ^ f 1 (jl (jf^ tAjJJjill Ajjaull ^)joi£ ^ULa 

(_£jLaJj 4.1a.! jll (_£jLujJ f h (JA ^pu-al CljljJjill .lio 

L_1J^J (j^AJ Cy* C5^ Lf^ Cllljjjill AiOj • A y -laxujVi (JI^aII 

J cs^' I A, h I = | A I f h If yA^ '- 1 * j ‘/ If h —t J^' 

jA .vi» ^ixil (Jjjjgjjj —20 (_^ jLujj (J^xaj (j-£ial_uj jl 41 jf (j-aaLij£ (j-asLiL 
(_j-aSLii]l (J^*a Aaj3 C1i\ IjA j-Qj 4l_A^)iu-<al (JI!iaI 10 (_£jLujJ dlljjjill (jA (JLa«A 

. (20 log | A v h jA v | = 20 log (/*//) = 20 log (l/lO) = -20 dB <dfc 
(jo AjJJjill AjIV utiVl (j-asLij — 8.5 (J^»Aill (jA (jAJ^i L_uLa2l ^^3 clh^ 

(f\A^> ia\1 AjL^JjujI (j-saSLij is^ L 4 jpl .S^^Ludll A_iO^}£i]| Clj\jLjai]| 

(JIjj 4 JL^aI! a dj\ aAx>ia'I ^jaj>a‘i (j^ tlil .aJUII cIiIjjjj]! ^io aj^jjjII 

•fh _J Aj£aa Aaj 3 (jLojJal o J^Ludll djlxjoill ,3^-^ (jjAAj-aAll 

5.5 JUJI 

CljLtjuJI Ja.1 jaII ^^*I1a ^^3 (JaxHjoia BJT jlujjj! yj ^^3 -1^.jj 


sILxaII ^ diljj jlll ^_2 o^)a jjjaj (jg& 26.5 aJ^Ijla]! A v j Ajj^j^Al SjUll 


.14.2 aJjUJU liU 
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jiJI bl .c ce j ‘C fcc =5pFj ‘C be = 40pF :4212I aJjLill 
dl] • 300pF ^jLuiis ^C * ce aJIjJI a*_uj qa Aj 

oJjLill CjIxjoiI! ^ja-n JaL^j 1 y.&a) 4&iA C d Aajs z c^J 

aJUI (JLa*iLujIjj t/? L = 10kX2 Ja^JI A-gjILo <jl 

:^jLolj * c^” - 9.5 J<;>mA a^uaI! 

/, = \llnR x C d = 1/6.28-10 4 -300-10 12 = 53kHz 

a > s= 

dlljUiJ ■ ^aol V] ^ l ^II g 11.~i' V I33j tLiiuij (j>iq-s ‘lo ^Li a lift j 
kxsj3 (jj^J (jl l _ '•Sj^ t( jlilj Sjji-a SjLujl ,s\A .. Xi IjJjl 131 Lai ,4 jj 

4j 3 jjJjai_)jljJ jlLij 131 . (jjJj* \Jc_1a11 JLs^a fh ^A*- 3 ' ^lasll 

(j >»j^'3 -o ^ja 5.3 JJ l5j!* 1I jjJaall jj £& jj 3 iC rf = 5pF 

!^gi (_£jLuii ^311 a^-s. .>.21 (3^1 11 >>ijl (_£ jixll ^jaall JJjj Jjjj (jl /? L baj3 

. 3jAj£- (_paixjj i_Sjjui l — g m R L 3ajujjVI (Jba-all 

_SI i" 1 ^-n.> i^ ^Ic. jr-9.5 (JSjill 4 null 421*11 CjIjJjIIII ojb (jA‘0 

.^LiLa FET —Slj BJT _1S ^jluJI jUll ^jb <jV <LiJ FET 


4ol£j| AjJJjjII AjIVu*iVI 3.5-5 

Combined frequency response 

26.5 j 24.5 421x11 j a ^Sl Liib.}j2l ^^22*^ ..o jjV l (jSLaj 

1 .^i<\SS a2£1I ajju^jjII 42 VI>22I (jjj£>2 l*-a 


A(/) = A 


1 _ 1 

Vi+(/,//> 2 4+<///«> 2 


(28.5) 


(jxng j if l {JC> cJ^J dlljjjoll -14C. . JJjoU >\l jA A v (y 1 ) 

(JI^-a]I ^a Iaaj^ jJI LjjLaixa j3^1I 

f.lLl ^a (j5l if fi JJjilll jLjjl .(24.5 41jlx_all <3 ClxjVual 
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t A^l^31 j j^ a) j Jajai j^\ (J1 ^ a\\ ^ U-3^ < //, 

^liill jkJI ^4^4 t / >/ ft £4^4 cr 1 ^ dj' • A v (/ ) = A v 

(_£.k]l (J1 ^x>ll ^A I^Ajj LljLabo JjVI ^).1^JI jx>jg .all ^A 

<Lal^]l 5 _jL^jjoiVI 8.5 (J^juJI lS^. *(26.5 aJAx-aSI <1 cIl^^^j-ujI 

lA-Jaa^bdl CllljJjjSI XiC* JaJ^)3l djls!i£-a lAJ,A^j AjJJjj <Laj^. Aj| i3 Jr 1 <^^31 

^ic- JaojjjV! (J1 •> a\\ (jkdluj .A_i3l*JI di!«l^jj3! dc. A_iC.^>ki3l SJ^jLoJI dalq*i^x>\lj 
bandwidth (A_*j^JI o^j^) dild^jjl! j-a j j.ia-a JL^a 

^1LJ\ ^.kkll Ij^jj Ua f h jf t (jta^jSli dxjL .5 -f h —f l aJDUJIj ^axjj 
(J1 > <all a_^jj u-° l/-\/2 = 0.707 LaAdc. ^ *>><a\l ^jLoij (jlillt jixJIj 

.JajujjVI (Jl^-dl ^J^)ll (jc- 3dB _J £Jj3l LaAdc- (j/i^Vn jlkl3l jl tJajaijVI 

. ^ixll (J mujJ 20 (Jd-AJ j)j3^}Ja3l ^3 (jiao's iVIj ^jJI ^aJjaLjj 


^J^)3I Adu <j-a JLaalmL Sjlc. ^..V^daill 

t^lljall ^lc« dllk djLadjJa-a £jJaj (jj^j . J jjaddl 

gjbll ^ ,s*a\\ A-a^^JI ajlx*gak ^jjSj 6^j^) 3I LilmluU L^Ix^aj 

lg-jlj ^)J^)-aj3l <Laj^, L_A^)ju Idl ^)S2j (j^ajLx^ad j)-a (jjx^l 

A’djk (j-o l/ V2 LaAdc- ^j^)il (_£jLolj 03^11 (jj^Jjjil (jjj AiLui^dl 

^sajLx^ad (.**n«s ^j-<s ^jjlLLoiLa LaIajcIujI lilfl . JraxjjjV I 

l/V 2 -l/V 2 = 1/2 (_^jLaiJ C«kjjuj 2 )^^ '^ C ' 1 ^ 

6^JajujjVI Jl^JI ^3 (1)^ 6 _J L^J J^) JajajjVI 

^jl ^Jj . I 3la ^jAilrk^dl L_J^jJa (.^ ium 1 cillkj 

i^ja ^jj)^^'l (Jl-^-^ ^a^)C« (jl A-lj)g xjj j gAUxMl c—3dB _SI jjJJ 

(jjjJaj -^SJ CS - ^" U -0 (jjx^al 

. C5 ll3Sll (^5-Sc- j'vi^kjJaL.Jt J^l^)-a ^jJaj C)^ Al£jaui (Jl.?k^\l 
^ h^-S (jlul^j-o lipl <dijl£ Ikj 6^liL<i3 

^3 i\ju& (jjU^^dl ul^ tA-ijliii] 30 j ^j5U 100 (_£jIjuij JojojjVI Jl>^3l 
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J-IS V pjll ILa .100-30 = 3000 grjLoy J^jVt JUI 

^.Ic- j 8.5 cJ5 >mA ^3 ^jIiuiaII 

20 (j-c t^ixll (JjjjoijJ 40 (jVl (_£jLoiJ Jix-aJ £j-a3ljJJ j 

• 4_1^.^a 3! Jlixil (J nmjJ 

^IjjI! fjle- £i \jb 4.5.5 

Cascading of amplifier circuits 

(jja. Jtlill ^gic. ^j-s >>i~i (JaJ^a £jJaj (_s^| tliil A^ilJ bjdl La] laSj 

<j 3 JiLa [jjdl^^a j^^pa ' -a-*> i^i<i l — 8.5 JSuai]! (_£ JJ . jjj£ .-| '~n ..n' ^]| -LaLaJI 

^jjj]| (jjkaL ^gja. «. t _ s 2a]l I La j!j£j (j£-aJj .AjjUi]| <la.j^]l Ja*.3 ^jLM aLxjaSI 

-lie. <j3 i_JjC.^a]l ~lg -^]| (_g jjjqm ^Jc. J^Jak t L-)j|U-i.a]l 

. JLaa^l fLi-ll 

cbaj lS^' 4 ] 8 .5 (JSaiSI ij1ia]I (Jaal^all ^LiiSt ->■»> 

i_jjllLa]| J*n 

(JjVI _j^)l!l Ag^ ^Jj _jjjjuj^jl^il! (j-o A-aik-iJsuJ! 

4-jAxill Ag, ^ <^11 a V jlLuj^jl _jjl! S^C-13 JJj-^a(j-c ^)-qJjouJI 

^iujj 6<jjIi1a1! ojLujVI «^-^. SjIc- <jj5Lj tVcc 

<_£jl j^JI ^!jj]I AaaVi Ailj ^Jj j tJ-oxJ! <j-a AjLloj _j jSjoi^jI 

^) jjjoa^jl ^)j]l ^^3 ^j-qJjoia]I ^aJI jL^jl L-l^i^J Aj! cilli ^Jj L_flLjaJ^ A-LojJa AjljlaJ! 

C5^ ^j VWV^' l »(R 2 J R 1 

.d^oLauxll cJ^' Jj>c. ^3 AijLa-a A qjJ^j 1-8.5 Jlill 

£ > 

(Jla-all CjI^Jjj Aic. nJaJ^al! t _ s jljd]l <ljLua (»_u£j 

tj]aia3 (j£-aJj a jj» .^i LaJj]l d'1 qi5<a allLLj (jj5j UJa. tiajoijVl 

*4»j.^i'1j 

= C v 0 i ) A 2 = (v, ^ 1)^2 =v,A (29.5) 
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(jSLill (jx JjVI jaII ^ ji-a ^ ojLiVI j& V j — .A^ "^j 


JjVI (j jlW ^alt l^aJj LaA A,j Aj j i^AijUill 4i^.^a]l (Ji,J jAj) ' 8.5 

4_£iLa.^aJ >>> -all J£JI ^jjjll (j' (j^Ai “UAjuall |_j-a .Ajjljll j 

^kaJa-all ^Jj ‘Ujlaua Q) ^ Ay jnl lj . (jjjia.J-all A-l?. J t A — Aj A, 

CjljJjJ dlli SjLSy i_ujjaj (29.5) -LuaijVI (Jla-all J 


1.1a. Vj tJaJjll ClllilfLa dlLpj JUc.1 (j£-aJ V tl.la. Sjjiu-sa ClmA 

.^J^jll sJjUill 4 _ic.^>9j] 1 jjJjai_^jl jjll dlljt-ui (_paikj Cj 


CjLuajiil iliLaAAaj AjIaJII AjIaLujVI 6.5 


Time Response and Pulse Amplifiers 

Am t _^A . >. A1 Jik.j CjIjLuoJ (jl JjjLAI ^JaLall J lj^>JJC.I 

(JLa-all (jaiii ^Sj jl! CjljJjlill dll 3 dljldVI (jl dJj • d jjl! oJja>j 

s> > n 

JLaaII cilli ^jIa £ijj Jill dll jail jl J c j-^iill jjaAaj ^AjJal Jaoi jVI 

j-o jjj£ j^ jj£aa Jill SjLiVI Jaas j y* *6^* a ajLij jl JaAa . a^v.i 

* * % 
fijUiVI jSaj VI <■. 1 >J Aal ^daljll j-c .^AjJaoII (Ja^Lc Jc- dlfllla 6 dll jail 

4a ja ( J ^ajJaoII ^4} <^lliJ 6 -^^jVI (JIa^II ^ jIa dilj^ja Jc. Aa^ldll 

^jIa 4xal jll dll ^ J jail ^-jAda i9 . (Ja*} 1I ajLujj (jSd (juai ^Louda a jldj 

.6 jdi L_fljjai Aa\ da^all SjLiVI jl ^ \x) ILAj ^(Jsl jjfLi dlj-ui JaujjVI JIa-aII 

g. 1 J*aC»y JaujjVI JIaJI j-oda £JLl jl l^J dljJjall j-a fijldVI jA<Q jj (jl 

jA La cdjxa L .(Ja,JI 6 jLujj J£d (ju^j l-^J ^jaII ^^9 A-<Ada-a AAjd 

aJaluij Aadalaj (J-iIaIi ol^l jA 4aajj3 (J-iIaj jl yp.Vqx a djLujV (J-iJjall (jjaA-all 

. A.iua 1I AaJ^jall l^alaj£-o Jl ojldVI [£ jAa 


Fourier series 


AjjjjA Al wiLj 1.6.5 


CjIjJjJ IgJ allL^.j-a AjjjAI AlltjUiVI (j^ 4 ^ 

Ij-iA.! Ijl . 1 10.5 JSall Aln-all Aju^j-all A 2 k_j-all t!)l!La i -li. . A q Vi A .a dl^/l c 
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AjlUiSIj joVI) JjVI harmonic j-maaljlSI ,j^iLaj t-kaa jjum jil*.jxs 
^ic. ul cLt-o LaAI ‘la a^J 4 C_J — 10.5 (J^jaII ^3 (j-U.W iaIIj (jjlinAll 

j)A |jj_yA LiSjJal li] j .Aju^aJI A_^,^aII AjLoij c^ill ^aLoiaII ^W ia \1 


Aj^jaII <ja ill j^SIU l_jI jj^VI 1 iVsa! 4(Aa£)Ia CjVUaA j CjIjJjoj) 

^■jU. Aii^Uj £& ^ill) Fourier series <jjj3 a^aLaj Jjkjll cr^4 

.A_maJI Igjlj^^A ^Jj 6,^x S^jLujj (Jjlskj A_iiL£] Lix-aj (l_Aj£ 1I liA ^LaIaI ^jLlaj 

* s= 

I^^-L Iaj T V ; l^JUaA Ajij^}a A_^. ^a! A_LaiLai ^3*»m 4^1ja3 


v(0 = 


4 V. 


f 


n 


1 


1 


1 


sin cot + — sin 3^ + — sin 5^ + — sin! cot +• 
v 3 5 7 


( 30 . 5 ) 


i^a f a^jjIIj co l 3 >^j^llj T ^jj^ll (jjij Ajjjixll 
(Ja Ij^c. Ijikl lil 30.5 ajl>IxI 1 ^^IaxII jj xrtq*i\l IaI .T = 1 jf = 2 k/ co 

j ±\J 6 4 Vp j7Z (_£jLaj cJl 3 aAJ ^ k»j 1.^1 J tAjn^ll 6 ^)LujVI dll .}]ja 

(JjolLaull ^ic- lALisuJajJ 4 ^cll . . 4 F pj^TC (_£ jLuJj (JUaaJ 3 CO O^I-lilA ljJ^)J ^ Ux) 

<JI C t nVWl La£ <1 fijl-lll dljLdjall 4 6^)1 J ^Jl £>lilkjlj ^jig-ill Ui^lj clxA 

dl jLujVI (JaLoJ (j^AJ 4 4^11i ^gJc-j .F V" IgJUaA Aju^ja A_^.ja 

4Aa^$a 1I L Qx*Vl jA\ j A-IaIIaH A^.^aII J ^LuHaII (jja) A^^A Lg.lAJ 4(_£^)^.VI Aj^J-llI 

aa.jaII C.y* 46^1^11 <dl_^ll dli dljLiVI (jl (_^l •^LjojI ajj^^b (Jjai^yLmj 

A_^._5a1I i}±& (JA 6^)jJa djl^)Liall Ax> JA^AJ (JlLoj ^_jl AJ 4 ^)LoUa1I ^JjoJ A_^,_^AJ AjLJ^)a1I 

'j^.Ja ^gJI (_^ll aJUII djlj^^ill ^jl Ajj^j^S aLoiLuj ^ja ^ >Xnj . Ajn^ll 

A.a-\.uia Aj^)jJ 6^)LujI ^kjJaAll ^ I^iar J 4 ^jil .AjjjJI O^jLaiVI ^3 SjL^JI L_fll _^JI 

^jl c ^ ^1 4 !^!^ aJU^a (jl 4 * 4(J^^1I A^jLLaAJ L_fll _^JI d 

(JL^-a (jia^)C. (jjj Lia£ LliaJ^) ^3 (j_^j tdlij .l^u^ A_i3 f ^ (_^_^1*JI ^xJa^ll (jj^ 

.C_fll_^JI 6A_J^)jJ djl^)Lalj ^ic- Aj^^LoJ ).>)a1I 


spectrum cJuiall jia-a (JL^xiL-ol ~s SjIc. cJ4^ 

.aIs^ia ^^ic. SjLiVl^ 4 jjj^ ajLil (jjiWi £)&*• ajjjjs di!)Lal*-a \ *>>jl unulyzer 
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ft(t) 

vj- 


p 


0 





T/2 

T 




^jAyA\ AjujaII AajaII l_u (c-j) ,V p l^JUa-aj T lAjj.J Aju ja Aaja (I) :10.5 


Uaft 


(j\\\\\y j-a 


Pulse amplifiers 


Ljl JaJLili Ljl 2.6.5 


cijli jl j^yill S.ii^jJI ciil jLiVI ^jA AiLjaj 

j)Aj^ Axj^joJI Aj^)j«JI Clil^LaVI ^jAx^a l ^Jj tjJrajl A^.1^. A-aj tj^JjJall 

cijI^LiVI 1 ^ \*Jj aj^jaII ^yt> Aju^joJI cijI^LiVlj 6 (aju^}a]I a_^.^a]I I^iIiaI 

Ijjj J (JL^-aj dll^ljaiVI fi^A c. *flx^**n .Ajjl^VI ClAjJaiill j 4(a_ia^L^3I 

6^)LxiiU Aj^xjjJ (J.Arffa^k 4 ^Ax^ia\I Ia_j^)aJ ^lill Aa^^JI LgJL^-a jjL2xJ 

(Jj£jujj CjVL^. ^ La£ tA-ia Ljc .jja IjLi^.1 Aj^jou3I !1a (jjfL j .Ala a_^.jLaJI 
. AA J)JUIaII ^JJC- A aA X>1a\I &^)LalVLj (jjA*!^ A j)^£j La IjILc- lijl VI tA^x ^a]I 


iAjJ^yill ^Ax>>a 1I Ajl-2kJj>jjl ASA! IJ-ix-a A^x-a^J 4 (Jl yxi\\ Jj.1j (jj 

jlilkl j caJji^ xaij Aju^aII a_^.^a1I c1jI^]^a .Aju^a 6^jlaiV ajiA^iLojI ^a 

* * 
j)JJ Ai£Ac« AaLi (jl IajS (J?^y lJi^joij .£jLuo ^)aI Aju^)a1I A_^.^aJIj ClA aAx«^ia\I 

aJCAjJI^ y^ (_^l tA-ilUl djl^jyill ^Ax^iaII aj\ vu J j Aju^aII a_^.^a1] a_iaIaVI Ail^JI 
AjWjuJ j Ajcj^aII A x^an'l jjA ^oSj-uiaJI £^^JI (jdJ \ x^ijl a£Ac« A^aj jjl j 4 (27.5 
tH^LLa cilli j)^fLa VI <•. .(22.5 AiCAaJI^ y^ (_^l 4 A x^a^A ia\1 CjI-^joI] ^Ax^ia'I 

j)J^ ^ 4 6 ^)Lo)VI AjU^)jaJI Cjl^)jili3l ^jA.x^a*.! ^Ic. ^Ax^aII 6^)^La f h (jV 

J> jl ' * s- 

•^._ja1I ji 1»* lil .AilixJI l^jtjjju ^J-s >>l"' ^ ■ >»^\l OjJlLa f j (jl 

Cjljlilill jpo !_)£ ^^ic. ; -»-N >.o.all <jLaJlxul jlili.j/ AalULo 

.^4j«j^ja]| jjx (_g jIihiaII jjy'j ^aJc.j AjjLa^all 


295 




2 j*—a a.Lu a jJluil y laJLij fUiii CAj+Zu 4-llla 4 juj^ JiJ ‘Umj :11.5 JLu^I 

. ‘Uiajjil JJjj a JJ Ja-a 


Rise time JjjuaII ola 3-6-5 

(J^.Aa ^ic- A.ifliJa A9 i 10.5 (J^AuIl ^ A \))a\\ Ajlj^)a 3I A-a. jaII (jl 

(Jp^X. 11.5 lKA*i11 (JUIa!! Jj9j AJfcjjoiAj AA^-AaA ^9 ^Jaj9 . ^ajJaA 

Aju^aII A_^,ja]I ^ja Ac. L-all ^9 a jjol 2I ^'n .Aju^}a]! A^.ja]I (Ja A_AaA (Jj! 

^J| |_ij| Axj^ai V A.A.^jJaA.ll A_Aa±illA . ^a-AaAll ^9 a Aja]I Auo^alill ClAjuaill ^jc. 

rise a jjLj-all Saa 1-^.-)a.uj-i t Ia^jIaLo Saaj a^^luA Igulj Jj-aj Jj 4^ '1 a.aja.11 

aa_^a!I (Jjus (Ja SaI^. aaL^. caIa s^jLail ^9 ajc-^jJI ciAjuaII J^c-Iaa ^LjajV •time 
AiWil i^iIa^um! ^1 £-9.5 J^l ^ <4^1 R L C d 6^)1 a]I (JA^j (JaXUjoU 4AjLJ^)a]I 
jLj ^ua <y> JUill lillj R h C d ejl^ll -f h =\/27rR L C d 

Q jnqj 6^1 A S^A ^)Uxj 4 ^jL^a]I A^JI _JJ*J £A \ g 3^1JJ A_iXJj 

AA^-xll ^Jaxj ^u]l c I 25.1 (J5Ai\l ^9 ^jjjaH (Ja 6^)1a ^Jaxj ^ull Au91£a1I 

<—*jail (^Aaaj . t = R L C d (_jJ <-v c = V (l—e ^ r ) ^Uy 3 jy*^ 51.1 
(jA 0.9 0.1 (j-a Jl£i£U A-Aa-U.ll A^_aJ <LoJ)!>UI SAaII L^jIj Ajju-all SAa t-Ju^jjtlu 
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i > n Vnuj Ax(jc- Aj)* k<n\\ 6Aa j .1 1.5 (J5 A*i\l ^ ^jaiaII LgJUaA 

aa&aII a^.^. l^A^iliudj ^All &Aa 3I 1 iu k ti I a] . J^aII A^-a. ALaJI ^^.aAiaSI I^j 

I ^ic- 1 ’line's t 1 1 J AjjlgAll Aia/S ^ja 0 . 1 l! .jH 

0.1V =V (l-e~ h/r ) (31.5) 

<*j5U! Siol1 ,_^a f 2 (jt Ujik.1 !i) tJULij ,t { = 0.1 r = 0.1R h C d ^ 
sao . t 2 = 2.3r (jlc. ' ^ >1 1 (jx 0.9 L ^> 

; j jx . 

2 2 1 

(32.5) 


t r -t 2 -?j = 2.2r = 2.2R h C d 


tofu 3/, 

a^I .27.5 aJaIxaIIj s\a'I f ^ — \j'^ ttR^C^ a aj^II Aajs Iaa 

IaI . ^Ax^iaII ^9 f ^ (_£AA^jJ l_j^1aa] AjuIj Aj>» x.^11 SAa (jl (jVI lAx 

JailS (JSjaII l“ n*\ (JA (J^aII tilli J5U> ^Jljjai ^9 A aAx.^Ia'1 AjJaxll 

A^-aJ t r Aj«x^a'I oAa ^jj .aA-ia. AjIIaII ClilAA^ill .^AxAiaII AjL^j-ujI LaA^C- 

6 JUIaJI (J.Ujuj ^Ic. f h IaJ S_)j» >.si ( *—^a 

(JL^-a (JSj VI <■ < 1>J cAxIj j^)£a 1 (JC- Jfc AjJa^j A^*_x^a &Aa aJIa. ^^9 

4<jjoJ^)A IxJa 1 x>ia (JLa-o (jAa^)C. .(J^^)A 340 (jC- x«oa'I 

• t r = 0.33//s (JjSj jl 

A_1jIa A-jlgj AjbI-^. 11.5 (J5 /till ^9 A niA.ll Aa~\^a'I A x^i nil ^9 j 

Aj^.j ^Jj 1 a^ *i a (J£ A^*Jj . Aj3t ksi\\ 6Aa AAaA (^^1 a3jLa!I AjIa 2I A^L^. AiLjaJ 
cA T iC.^)Aill Aq 8 , i^aII (jc. AjIaJI Ail^. ^Jjj A_iC.^)flj CjUuoi 

Ajc.^)Sj 3I Ajt-u.ilI l.v\ : iA Lijl ^-lau^a .A_9 j£-<JI (jc- ^s>Aj AjI^jII AsL^. ^jl 

J^l ^jaj c^AxA^a'I ^.LaAl ^jA^k Ax-^ja SaIx 1.^ 6 Cj A-ill-AaJ Ajuoij 

1 V 1 c ^ A ,>>^1' ^jaju^tTi j^ j . AjILa^.) Axjuij UUELa dAjLuiaJI Jj^-ujJj JaJjuiilll 
Jaj))aAl AjA-uJI L-i^jSlI ^jC. VliLo ^Sk.Ll ^All oA^jLuall CAljuaill ^ixia ^uoaIaij AjlixJI 
^jAallaAl ^ja ^aJ (j-^j cA_x^)Sj 1I Ajt-uill SaLj^ ^ja A_ilc. l_jj^)1j Iaj J^aII 
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.(29.5 2JLo2! Jz\) aJU]I ^lasJill jit *bt y 

jj 

Tilt 4.6.5 

Sci^ ^^A-iilLi ^ AjJa.nl] (^ill a j) Anil jj-o ^jlnll ^^ill _J 

<Jj19j£-o (j^ \) L$^\ Ajlj^aII A-Ja^ill qa -uftujjjall ^aaYl Of tilt 

(J£joJI jJ^ ^-Ja-oll (J^.I^)a (jjj ^jj^aII (j-a ^-oJ-uuJI ^)l_nll ^Iaj ^nll Jai^)ll 

lc._^j ^aIuiaII jLiill ajuLaII Jaj^)3l ciilaji-o (j^£j .^Jaj^) CjWi^Lq AjjlL c^liLo w 1 8.5 

(Jj^An SjIc-I jla 6 111 . I — 7.2 ^3 j^UAll A-ilLtl! dlljJjjll ^jj^aj dll A^ja j)A 

(Jy •n j ^jaJjaaII .^aII ^ALaa JaJ_j I A IaA. JaA c . AAvn Aju^jaII d^jUiVI j)A ^£aVI 
qa ^jqnnAll ^iaVI ^Jjdll Aijlc- jj^Aj »f i — 0 ^Jaall 

jl l 7.2 (J^joJ! djj (JIaxJjjAj ^~s x>ia11 f i ^ALoJI ^Jaall Aju^)a 1I A nil 

^Jc. Sl^a jjila ^jaJjaaII Aq y\\ j)l (jla^jAij c_fljjai cAjJa^ll j[£h aIj . I — 25.1 

A_ajUia]I C. JajLgJI Jl^.2fc..ll c — fljjoa cl - 25.1 cJ^joAI ^ j^iJA Ia] Uia.S^ljll 

cinlnll Ua j a A Vn c^aJjJI ^a Aij-\ ni^ ^jc. a.,4!aSa 11 jjl ^paljAalj^ V a Ajqll J] R 

.50.1 4H*-*lt <>v r = R i (t) =V exp(-t /RC) i/\ < RC g^jll 

jjjfL <jl U*a jj lilj . ^^^-iAjl! cinliill jjjfL (jl icLjjjLj^ai a A \'\W jjjfLa 

c_jj^j ln<J 4' jjy ksi (t -T /2 -^C. (_^l) A-Ja^ill AjlgJ Aic- t Jjill jl c ,^a' ViII 

:^J\ cJaia /? ^C. ^^Vl . ^>\ l 

v s (? =T/2)=V e - (T/2>/RC = V ( 1-T/2RC) (33.5) 

:_j 11.5 JfLuJI y P jl JuLijll A^jujj ,iVij% ^li»"^ 

p _ y-v R (t=T/ 2) _ r 

y 2 /?c 

*22.5 *£**11 ^ ^ILJI ^JaSll as,js IALoXJ-ujI 1 ala 

P=27r{T/2)f, (35.5) 
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A jJinlt 6^-ujj 6 T /2 AjJaii\l 4-iix-a i A-<u3 Ale. 4_jl 4i£ybJ! &AA ^j>s ^jAjjj 

IaI . f i ^iLoJI AA^jp IjjujLiLg iP ^JaAIIj 4Ac« 6<A^uJa-<PI 

(_£^ 4, >>Q-k ClilAA^pl] oJ)Ij-c-o AjL^JjojI AjIa CliLai>-jJa-Q 4_L^ia]l ClAjJaiill L_lllajj 

A jJ*> 11 IjA^)I Ia] 6(JII1a3I (Jj Uti ^^Ic. *( 0 ^-^ Lo ^pu-a! f ^ U i. 

VI L_l^.j t%10 (3^ A* x -^l (JAjj ^)iC« CT^° 1 (_£jLulJ 1 £ x^a^)C. 

./, =P/2tt(T/2) = 0.1/(6.28-0.001) = 15.9Hz jV ^ > 16 ^S»/ z 

* 

Ajuj^jJI JLjjlL-uL jlull 5.6.5 

Square-wave testing 

Jl^a. (JAiialj f ->-\ AjJJjjII 4_ojaJI (j^ajL^ai. -ll-laj (jfLaJ 

(JLa*JjojIj aAA IaIj •^-^■^)^ > A \^A.<q ^ic. aj^.j 

(Jfikjulll ^UaII ^ ^j£-al tdllAA^p]) (j-a AAC. 

4_^.^a31j jLa^V I lA^p AiLaUJ (Jal J (J^-JOll c£^)^! *^ — 8.5 

L_saljjj t J^.a* ^Jc. Aju^-g ^^-g l^-iBj cAju^aII 

jP ^JaAII ^.U*aJ AjU^)a 3I SjUtyl AA^p tVjl .6^)Luij ^jual^ A^xuil^J 

/, gr^' >“jj t> 'V'^^j liAj SjLil ^ O-Uil Xli 

AKn f l ^iLoJI ^Jaall AA^p ^jj ^1 .ft — P/7rT (j?\ ^35.5 4_lAl»*-a]! (JLo*I1ujIj 
AA^ p Aj^j cAjLulg ^-Ic-j . 4_jJai^JuPI djlAA^p]! 6 jjoU (Jj>x^a^k AjIaaj 

s > 

^ajail_J *LxiLui ^ic. ^ijlS 4 x^l^'l Cljl J j>» x^l fiAxi ^-Vx^oll 

^3 ^-uaaII A^^yji ojLij c > ^Vi 6 Aju^<PI A^ ^J^p ajLi^j Ajc- i\x iJ*a .ojLaiVI 
^)-<i 1 Vl^Aj IaA J cdiLjajj iSj-^ AjPL*iil ~^J ^ s ** 1J Jl cLjajI ^ajail^pl 

6^-ujj Jj tA-pUl djlj-i^pll Ajc> L^-x-ialj jAill V^ A3 Aj Ja^i'I fiA-o (jJjLiS 

^-uuPI A^^yjij AjJai^AAll Aic. Lol . Lil^k A^LaVI Ail^JI 

it r ^J x x^a\l fiA-c ^ -i j)» *.s\W SA-g V ^A jAlSI lA wait 

(_^l = 1/3 1 r (_^l ^f h ^ 32.5 a]^L*-a!I 

.A-JUI CAbjjj]! 6 ^juA AjIajj Ah"n ^ ^1*JI ^jj 
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^3 ApJ jll ks^\ (jl Jjilt (j£-aJ AjI Ax^a^LkJI 

I Alio Axj^j-gSI A^.j-<JI (JLaxILoiIj j)\ nAVI JixJj .A*_j^)-a A^.j-a ih'i'i 

jl Aiix-a ^gajl JiWlil ^AjJa-aSI S^)l 3 ^3 Clil^nij JUJ JJ A^LaJil (j^- tl*^> 
Cli3jJI Jj 4 CjI jmMI JlAj] Jc. IjjlS (jj£j (jl -IiLaSI Aj] .l^ja l_i jc. j-a 

^)1 nAVl ^jl Jl ^)Jjaij (jl (J Jll -lii-all Ja AixJj . ^A-xia-aSI (J^-^ 4j3I_^o 

.SJ_jJI JjIIc. AxJ^)-a ®^)Luj| ^joi! j ^ ^IVn Axj^JI A^^JIj Ji3.lll 


Power Amplifiers 


Af'UaluiVi CjL^uXd 7.5 


(j y± AW^)-a ^J.1 Ac.1 ItUmVI (Jj-aJ 4 (Jx^aq'l <La.3iLa ^3 Lai Ll3j 

1 qjx x>a cjLuj] \ CjAAI 4 HjLuo IJJ lj3jaJ Jill Ag. Jl ^jA xAil (J^.l^a3 .^xLuxJ! 
# & * 

^A k^iAi ^3 jLskliSI ^3 AlLaatliuil <j£-aJ 4** lj*s ) 4-la]J]l (^jIxjia Ji^. ALaA-jJaj 

Ax jwa i A_iLa*JI aAA 1.5 (JlSuullI .A§lJaJlj dJjiVI AjjJ Aliillaj Ac.1 IiumI 

3 . Jjj ^ A k^iA jA ^ n*S Ja A r.1 Wui^l Lal^lA^a 


IIS .A^^A. J ^j 3 JJ 4Aik«la Ajc. 6 jjitX^a <jj£j jll SjLiVI jJ SAjui AjJ 
£ jaJI J J fiJuiV! Ag > ^Jj2jal-a (jl Jl 4 I Ji£ ^^)AJI A^UaLojI AlAj 

. Ijj^ 3 j JjjLaila ^jli^fLi 


Jja-xll jj A ‘Uill p\*rtA 1.7.5 

Transformer-coupled class A amplifier 


Aillxll I g k \W 5*i 4 . inaj A-ij jjj^SV I Ciljl^SI qa 6^1c. CliV j^^SI 
^kjJa-oj (Ja^sSI A^3l j-<JI ^jjqViS aJULo A^J^)ia ^)3jJ l^_jl 4 6 _jj i5SI 

<iu ^ 4 —jl *qSI *^_jl^ djLojULaS! (JLojtllujI (j^3 .Ac.1 WuhVI 
I ~R Cjlc.l u>ill (j;\ Cjlc.LixJa JJ Jl Jl JW.ll A_JlxJI Clllc-UaiLoiVI 


Ax.Ua!LaiVI (J^ (J^ lil .AjSUI Ac. I WntiVlj ^jjL<JI JJI^SI _jl-JI (jc. ^ 'n Jill 

J(jl (jJa. ( J 4C1 jUjILJI (JLaxUxal (> ^3 %25 t> lU= 21 c> 
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La.liC> %50 jLaJ (jl A) A A 111, t)i £A (JjA-a Ja]I 

AjJoiada Sjlc- jaJjaaII ^)\_£lli CllliLa <LajlLa j)V 4 ^A. L><a ill (JaxJI 

LaC- Ijjj£ <—'fllTiakJ jjl jj^AJ (JLaa.VI (j-a CIiIjuIaa jjl dl]j ^!l c_flLjaj .1.1a. 

A9.2 ^J^LlaII ^3 j)jJA jA La] llSjj c^a-dnAl! ^ V % 1 x>V1 (JaxI] 

^^jlj C. .flLa £a Z ^ AllxjLa-a (Ja^. (Jj-aj lij ^1 . djLxjLa-all (j^ (Jj)^ 

!^\ j " 4^a-kJaA ^3 LjjjyiXftll jl £Aa-a]l Sjl.1 £a ^^IjlajVI <> fll^ll (Jjasjj 4(J,al 

clili] Ij^C- IaA ]V 2 J iV| (jj dn*s 4 Z =(NjN 2 ) 2 Z L <_£jLaj <LxiLaA ^*s *>)<all 
AjtjLa-a]! jjjjm ^lc< (Jj)^ <all Sj.liLa (JIaxJjaIj^ .(_£^jlll]!_5 ^jl.iijVl (Jj)^ .all ^.4 La 

lg_J t, .a.^allj ^H]l a <_^V AJlfLaJ! (Ja^JI AjuIaa jj3jj (j£aJ 

^li]| S^aJjaaII dsljlnll £jC- ^jjlH]! 4—aLall £a (J^A-a^a]! (Ja^JI (J jjtJ jA (Jjj's .all 

-lajJ V_9 4 Ajjl Y*1 x> 11 Ijg ~n11 (J jja (Jj)^>i a\1 jjaJ V) ^jlllijVl 4_iLa]l ^3 

jV ^Ia ILaj j ^jIj!1jV 1 (jjq\<a\l S^aLaaII CjIjIjj]I <lil±La Cj!^)jj1j 

. jaJjaa]! jl_ii3l (JaVi ^jL»*Wi V 4 jI^-a]I (JjU3 ^ja ^ll]l 4(JLaa.VI (j-a Ijjj£ 


SjLaI 'i'Nw^a Ali*_nJaJ j.nxj (_£.i]l 4<c.UaJj>^Vl (Jj]aii ^j£aj V 

4_]La ULl 3 La ^^ic. a.\ ajsI£a 6 jl j ^j^Laj V I LI .LdLij Vj tSjjjiS 

lj LljLa Ac.\J*a**Ujjl k^ia 12.5 &f*\\ .ASjLaJI ^JaLLal! ^3 o^)jitj^a]l 6 ^)LaVI 

IjJ^ J . <J3 ^)a!Laa] 1 djU^JA ja mawtTi V jl ^ X^Vu<J 1 L_fl JJA J i dl^ldlA Clic-lj 

jLul] AlLajlLa jLaJ ^jl (j^-aJ ^jljjjVl (Jj^waII L_kLa uVI ja Ja=JI J JJ 
Lu.],C> La3 41-1^. J L_JjLi1a]! jLp]] AlixjLaAl 41 ^)a!Luia]I 

.L-JjLiIaI] ^>^lj ja!Laa1I jLi]]J 4(_Ja^. j ^ 


(j-ajL-Ak, a jail (A i“ n*s ) A 'dill i"ll >>>x> (ja*il AJakj jtlkj 

LJaa. ->jkx>iMl jAj t<llail o^A ^ .JllLa]! (_gic- 6c_l 13.4 ci^lll ^ j^dl (3^J ‘jjdojjlj^l 

jLjj tljA .JfLoil 4** n*v qa (jkjil a^LuiV A k >»‘i ^^kJl S^ldj c^jA^ail c" n^> 

Aaill <.** l\ *>>x> Lai .^iaai ^jl^ jaJ ( _ 5 ic> ^FEX _M /^ t—a^)>^->x>\l jLjJ jl^ / c ^-a^-all 

• dlijll 4 V] l^jS ^^)kil jIjj Vj t^jivsV ^^3 tB 
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jUjJI 'ikik, (i_i) “Uauiljj A 4JAJI AgUalt<il »Ai^n (>) :12.5 jLu^l 

Jij]| SjLull (jfr Aa^UII I b ulila^jlj jiaLJi W jjaII w ^jj . i_ijUiail 

aAA . J^aJ) 4ja£j ujUUI jLuIl Jaa iii, ^s- JLuiVIj Ajjl '* aJI 

jLj tjij (iaiji 20 J tjjj) V cc A^a. ^ I4J 4A2l>» CjLa^jb CiLa^jhil 

^jlu 40 j jiuoil i c £. a > a " 


,1g (jkaaj aJoSJ ^ • .o c Ajij j ; j^'\..i^I' 3 t*> j LiuS j 
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j <aiij ^aLuoaSI ^ -nII “UjIjuo ^laj]l Vjl ' nlc. t^j-N >^1 _j'j%'ll 

I'cc =^« +*,/, (36.5) 

10=V„+4/ I 

jliil] Q^)J* <■ q\x>\1 ‘LojULg <Ujlx-a3l &A& ^3 ULaI 

jliill Ja^. 36.5 (JLojtjjailj t^jVI »I e =/ f Lb^^lj 

Ja^. ^Ac« ' j\<oC> (Jib^i^s 1 4 L_J — 12.5 ^3 q *ajl >/T\ djLil^j-o Jj^3 ^-oJ-uiaII 

^ (JaxSI A-kkj (JjSj jl .(dV/dl — —4 V/A ^jLujj cJ^I) JjSlAj 

jU^jVI AWnj . 7 /? = 0.2 mA j 7 c = 20 mA Aic. i<ll*iJI AilalJl c. 
a_^. i**iu>^ is^ (412 j 400Q j 5 k!2 ^ diLa ^ULALj ^iLouAI 

(_^43l lSJ lu *$ (jl c . j 4 -ii^. .7.4 JIiIaII 

(3a*J! A-la^j Ajc. 0.2 mA ©^c-lill j* (JliLol c. 40012 ^LojULa]! 

^jLojj j c 7 400 = 10 V /(5000 + 400) Q = 1.9 mA $ CjU jliuJI ^ 

^jLoij) 0 .6-0.7V 2 jc.IJI j a^c-Ull qai ^jLojj J i .(LljjSj 107^ 

.(10 V • 400Q/5400Q - 4Q -20mA= 0.74 - 0.08 V= 0.66 V UjjBj 

4juLaa 3I c. J^a!) ^^ic. 4 Ajjl uaI 1 6^)LkiVI cS^Pj 

Ij2£ ^IjSjVI ^-iU J\ <~&uA R' l = (N JN 2 ) 2 R l = 10 2 - 5 = 500Q 

a l_jjLiIaII ^jLnll l)-^. 4 (jij . ^-qjjouJI ^Lpil *- *\-a\\ jILo ^j-a 

l _j AW’nj J-oxJI 


0=v„+fl|A (37.5) 

<. * i unj a^jLoiII a1jL*_a!I i** umj\ 7?^ ^36.5 

* 

A In > J AjjLiLJI CllC-lJI 6^)Lujj Clil xtKj 'C^ 

i ^j jj . Aj^jUapI V L-Jjl V‘i a \\ Aq y\\ 1 x l^_i3 ! \7 j . (7 g 

^Sj i di c /dv ce — — l/R' L =—1/50012 —j c_jjIHa]| jLull cJ^ a ^*\) 
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^Jl I j . L_l — 12.5 ^9 L-J j\ "\\a\\ Irs ^a-uj^)] iA& (J-oJtliujI 

SUax-all ajl i.^n^s'1 Cill j‘r\ \a <aIa.LQ ^j-ojJa j jJjuj^jI (J-aC. Sjj^)jJa 

^lilallJ i" ) A lxt\l cilli L Qx.^aVl.a ^9 (J-a*JI AJaSJ £jJaj 6 ^^)j£Aa3I J£joJI 

^9 <C.Ua!Lail ^)j£l ^A_ixJ cJ^AaII ( ^ic< 4 _JjLi1a]I CjIjL^VI 

. 6 ^jLujV I AjjjaU ^j^Aj 


Aj jl 1L&1I a^jLujj A^UaJjai! A-UAil-1 A^UaluiVl AjA^-a ^Jaauj 

Lot . AjAxjJ! d ■la.j jl Aj^)U=o] 1 ' g A.vii ja'u.'.aII <c.Ualuil ^Jt A a’*. .^aII 

(_^l t l jA*JI -Oaaj -iic. .~ig -\\1 j ^jLiill LS jLuu3 ^ A<. a^lt ^jaLuoaII jLii]l Atliaiui! 

* f 

^•\ >.oa 1I ^L}3 (jfc jAI' ^JaSJ A-jjl J-»jH (jA Ax.! l-Tuu^l oJA jVu.'l 'V ce o'^ Q 
lilj ilAilil (jl jj!Luj_)jl j!ill ^^ic. ^. 1>J 4cl i-TnuVI LaojI ^^jAj .^J~n 

. jjlui jjl jlll 'ijl ^lijjl £ Jjl ^5La J^Ia jj3jj i_J3kJ 


i-jajJaj j^All (jjj La (JajJI A.i-aVi J ■». jVV'A lA ij! Hall SjLulj Lol 

Caj3 ^jLujJ li] . L_2 — 12.5 (J£ja11 ^3 ^j-L1a] 1 Jj3j (jAJtll IA-Iac- £J3j <Aifii! 

jLull LS lc- A^jA j (jjfiaiij .V = q AajjaaII SjLuj] .^,-\ ejji 


:—j jVI efficiency ^. -^ aII jjj ja tjj) . 7 e Q <j jjj ^jLa 


efficiency = 


AC power 
DC power 


- I 
I c v c 2 


(38.5) 


.1g -s (jA ( Q j g) 4 jUmll A]S^\ ojji.VI \ |3.A i Injxu n'l A_i3U 

^jc« ^natlill J A^ ‘vll AJlitill l j 6 ( 2 a*JI A_la 3 j A^C- 6 _jLijj £a^-a 3 ! 

AJa^j ^AAj^dll (_^A A^UaLoaVI ^9 4 U^j * A^UaLoaVI 

^9_^Ja <■**i l_JjLi1a 1I ^)Lnl! Jo^. l ^9 (J-axJI 


^33 t^u^l cj-^° 0.4 ^jl^J 4\>.si j A33 tJaljS 20 ^.lgy ^jlaA lij 

^jAjaiAll ^-oawoll <L^aj o^AjiaI! Ac. 1 Jn3*>iVl -VW'C iLoj-aC.j aIx^j ^fAuJJ 
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3j3^a!I (J jLulI Aj^uoj (jj3 AjjLoOa JaxJ! A 3^q‘l 

^3 ^^-aJaxll 1 ^aj 3 ojjLuiyi a^Ij Lo l^pUs 4 A_i 1 axJI CjVL^JI IaI .%50 ^^JIjaJI 

.%50 (J-ft !^)Jj£ _J« X-'ll ^^kja)jll 3 j3^)a 1! (jaAJ U l3Aj cdjlSjVI l£ 

djlC’ JajU-ujJ Ja-ljai.l Ac-UaJjujI ^)awi *1 1 _i 1 aSj_ujI 33 l 3 ^J 

6 6^)Liyi A^UaLoal JalL 4 .vtwjJiaII 11a ^3 . A_jjjx.^all S^)LiVI 
O' jjl u^ .^jl 5 (_£jLaj (_5^l ^jL-aaj (jj^ t (Jj>^a\ 1 c—aLo 

4 Aj 3 j 3 ^. (_ 5 ^j dll 3 A-lajoJ^J (JLa ^/1 £A (J-uajJ 4 djl.A'N da A 11 

^IjI A-ilc* dijl£ Iaa IjLaOjl (JSI ^jjJl Iftll* > 4dlV j^aII (illj L-lJlSj ^Jj Ailda] 
^.iIjaI! in ccilli £aJ .A_1aI£ja 1I djljhll AjJI Aaj^Ia A\x^iVia\I ^)j-al3xJI 

^jax^Vi ^3 ^nialil] A_Ll3j AaIa CIjIa^xJ^a'I o3A ^jaxai l.g.j.lc. ^ ^3 j ^j\\ 


B 43A1I £ja LJ-iaJ !j £2,31 ujl aUh 2.1.5 


B push-pull amplifiers 


4^Lil3 SjLujVI Ajjjolj (J* Vi A j3a*s IjI^aj A AjAII 

_J Jjjoa^j! ^ill (J«aj\Vl c . I'NJ ^Ull S^jl^aJl (JA A_Jlc. CllljjJjaA 3 ljJ lA 3 j 3 ^)A 


(J^J^)a ^3 A_ij3La. QjfLi l^lj 4 I 3 j3^)a ^-l^l J^-3 B KaiII ^3 (JaxJI IaI ♦ l-g.-iA 
^3 JaxJ! Aj3^j (_£3ll ^) n^ll AjjjujjII ^ja ajj .A_Jlx]l A-C-l )a*nuVl dal.A*s.jJaA 

j3jj (J* -n ) La l3Aj 4 Jafo 3^.1 j oLadlj ^^*'1' l3A ^3 ^Lnll B )aA ill 

^Y'VjJaAJ ^^A-uJj Ia A_L£joL 1 ^JAjJa (jj^J^)J (JIaxILoiIj ^A_^JA l "fli.rf'Vl 

c> cjljjlajjjljj .1-13.5 J^ill gi (jluJl (jaj ^push-pull 4J^1 j ^1 

^jIaj 4(Jj-^^]1 a !\^ij (JlailjVl .^-> (jA cjjallj jUaJl a^I^. ^3 pnp ^_j^l 

.^.-s. ^ n^ni lit AjI I^A^ Vgg Aj^)UaJ aIsjujI^j JaSj3 0.7 - 0.6 

^(^1 (J-^ ^1-^ 1^] ^5 4 X 2 

. (_)^.3]! (J^.2fc.A ^3 JajaiA_laaj ^3 4_ aIaIIj 
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©+ . 1+ 


\ \ 




SI 


.SjlJll , 4 J 4 iliik a]| ijfraJ CjUjJai AjS j$Ja3 ^2J »A > * ajlj kUA » (!) :13.5 Jiddl 

jLu j\ luu V Ai« ^■ <3 jjj .i_iAaJ)j ji.ll! »A,>ia! LjjUid! jLu]( iii, (i_i) 

.J^yd! AJaij lit 


Aiaj 1 _aLalLl (jo*-aa^alt ^y> (jljjfLall 

^9 (■** ilxt9Mn.il a (Jjj 3 (j-o Ail^j 
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(jl (j-° iJ^ 0 J)^> ^ (J5lxlu\l 

q\ Jj jj!j^ 3I ^ <c..^un SjLij <jjIi1a3I SjLS! 

^jajS i Li-aLal I jl-y u ^Um'l jjiau jjl jHI ^ h.oJ t Ynj-y .Aia._jA (Ji.jJI ojLail A_nlaa 
l— sLall j>A l. l >. oll lj V cc Ajjllxdlj T, J jloijjljlSI ^ , ^ja. jb£ 

j)V ll/Lala. ^^jIJjjVI >_aLall (jA (_£_ji*JI i_La<aill 4^^)aJI (J j~s <\1 ^^jI-IjjVI 

(jA i_4aA»j]l e-Llil (_^3j • / ( | = 0 (^1 tJ>.oa Alla. ^3 (jj^j T| _Jjlluijjl ^lill 

I^Aaj tJjg all £JAa. Aj;biq jUj^ll ^^lll jjA^ll (_g laju tA_mall (Ja.3]l SjLSI 
180 —J Ljj_^La ^I_)oa ^^all (J_ja-a j)A (_£jjll]l l_aLa]l ^ ^jall -l^a. (jl Jaalilj 

. (Ja..lll a ^l -A.j i ulllj Aa. 

tLJlau (Ji.3ll .l^a. (jj£j ‘Ajljall (Jiv.ill Aa_jA (j-o i—L-saill $.Lul ^2 j 
T, ^_§ _jl*ll Jjlaijjl jlll (jV I JSljjJ . ^>jl j-j ^3 l"n«jl ^ll]l j^A^llj all] 3 ^Ij jL-aJ j 
/ cl ^)Lu]l cill-i 2^3J .(J-ajti! ^jc« T ? _jL_ kajjjj cj^11 <11^. 

J^a»-Q c_kLa ^jki! . (JSLaJI 

^Joxj tjjjial jla (jl jjlioi^jl jjll (jlSl Ilia .^^all ~ig a j^jIjIjVI ^^>all 
jjjjoi^jljj J£ (jl cLij^aj o_^uus jjc. ^^>all lun. l-i^a. i. i.wllj ^i-ill 

.^^all (Jja m ( ^Jj JaaS Aa._jA i_<i * .-n ' 7 ^>-aJ 

jLiill (Ja^. Jai. 7 l§JaLj t. _ iwll j ^3-lllj B Ajall (JaC. ^jjJa j "i-lblj (j^*J 

C_J—13.5 (J£au 1I Ubiwl 3al . l _ lW'1 j (X331I f ->A, (j^iM >^rs ^Jis. i_JjLlLall 

^Aa-all jliJ j)l (jj a ,'n jli>a t jjjj > Ixa IaI 1» ..'oca A . ,'n a, (J£ ^ (j^ajLi-sta. 

^_L*J l3Aj ./ C =I cl -I c2 —J J^-Lou jrjill JjiaA jps ^IHjVI i—sIaII (^a ^^Kll 
^ (Ja* 1I A_Lkl j g In'i j . Tt j T| (jjjjlau_)jl jUI (Ja^. ^ lr\ (j^A LjjS^jA (Ja^. Ixi. 
(J» V' A liVlII 3jc- (_£ I t (jjAa-aiiAll (Ja^ ^ 'n ^Ic. (J^jaII t _ 

Jjlui^jljj J£ Jail C(Jj 3 (j)A Ajlj Ljjaail La] Laijj .(Ja^aS Alla. ^ jjJjjlui^jl j!ill 
^^all a j jlii K >i jl (J£ja 1I (_5lc. jg hjj .A^._ja]| j^ijL^aj 3a.l 3ac. jLiill 
(jjillj tAjjuall (Ja.lll ojLLoV (jja3l_jAll > (jj-aa jLjlJ ~lg •> jpa (jla£^}A]l 
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jsX ^jicj -V cc AjjUafil (_S jLaij L-ljlHall ^^iJI Bjjj 4-aj3 jl AX a 

jl Jlli " /^ <-<u3 l_JjLi1a]I J)\-p (_£jLuli tAjLuLa 

l ij£ jLuaJ 

efficiency = AC P ° WCT = ^4 = * =0.785 (39.5) 

DC power V cc {21jn) 4 

Aj jI )-ij\l I g <i. Vq i ^^jjl j-aJj-u-all jLnll Ac-1 laJ > >il ClO-la. AiLLui]l AjjLLil 

j^ J 5 ^ jLall ^ 1.0)111 jLiill (jl l — 13.5 Jlill jpa ^ > ^JJJ ^ la3j 

I g jl >u<i AjjUaJ jl)J I VVu elaaVI (Jaiij AjjUalll ^}JE. (j3.ijj jj j jliai jjl jlil 
I La jx jliiJ 4Jlxa]l a <ijqllj . 3 —3.3 (J5.ij~i.ll jLuLI a1«15]I a^.j^ 3I ^jLa jLii] 
(_g jl moll tj^JUJI JjJ^all Lai . 21 P /k jjLaij LS^-5 2.3 “LLls-alL el Li» <i ^^j]l 
^2j ,Jaa3 ejLiil A^aj j_j5j La.lic. j^ea 4-jji In Jl jljJ jV I ~l5.a.a jlSi LsS 4%78 

11a J ( jljJ ^dulj V lluak (J^*JI AJakj dC- ^add-oll (jjfLl tfijLiVI L-lUC' 

^ja .5JLaJI cilll ^^9 ^}xilk.ixxi J)\-p A^Uajjujl ^a^5J V Aj^UnJl (jl (_£ j)VtJ 

(ja -Laj>^\x> LS^ 0 6^-tiS ^^ic-l <». l.wll J £9^1 13 B Adll (jl (jV! ^dal^ll 

^9 (jjaU^l J (Ja^II ^£1 <C*UaJ«ujl ^aJdLl (j; *1*J I3Aj 6A Adill 

jj£I j ^a^JI jjSj 13] jjI! adf*]) Ac-UdoaVI 

.Ac. IJ*a dV 1 ^JlxJI ^u.ik.jJajU A-ac-iLa dl^jLiaJI 

•M 

d *II B Mail) cald~\ <s\A 3.7-5 

Class B complementary amplifiers 

jlalull ejla 1_ij*j La AjajUl pnp J Uptl till jjluo jjl jj]I CjjL£jLj jpa 

ejb .1—14.5 JiLJI <iluLI complementary symmetry ^LiLl 

(jj^ aa Ia^jc- ^-0 Jl-ajj l^-jV dil j )\-ill AdiLo 

l^kla, 1 ^ nc. Lol .AiKiill j Jajj dV jl dl9j£-c 

. Aj.iJg^ll ^j-uiSUtd jl ^jd^UaJ 
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i^a. jj£j tjiill SjLil l-iLic. Alla. J : Jj La Jjij ®jl-4l oi& (Ja*j 

AIL 5k J jl J jliiol jjl jli}| jj£j lilj kljij-a jjjjlkajil jiill Jic-la iic. jL^iVI 

j jfu Laiic. (Jj-aS Alla. ^3 (jULu jjjjliioi jjl jJlSI jl killi ^_il l_sLiaJ . (Jk^aS 

yS, jl Jj Ijlajj .0.7V Ja. —0.7 V j-a Jla^all j.< u.a (Jiill ojLil 

. jL-all V a ^jill i^a, (_5 jLjol! k(Jk^a3 Alla J iiiia jljjSLi jj j jILuj jjl jiill 

jks jAj 4 Tj jjliai jjl jiill (JSll) tlalj3 0.7 j^ jj£I V ; (Jiill ig-a. ^Jb-aJ Laiic. j 
jjjjoijil Jill JLuj ‘/? L (J-aall Jl IjLii ( j, )n»J J ((Jj-ajll ilia. JJ ifipfl ^jill 
(Jaijj ilalJ — 0.7 j^s j» ».ol v ; (Jiill ig 7 > ^jLkkaJ Laiic. j . (Jo^aS Alla T-> 
Tj jjioiJjl jiill Jjjj tjoall Jl IjLu lunj (Jk-ajll Alla Jl T, j jILai jil jill 

11 ^ j (Jo*n 11 Jfr (jjl-x'll ^ jill ig > ^ Litj I il . (Jk^aS Alla. 

v 0 =v, -0.7 V, V ( . > 0.7 V (40.5) 

v„=v f +0.7V, v, < -0.7 V 



(jajlaai (J .AUlVioH kliljlii] f£L» Jjaa jjJ ja i_jJa_$ £SJ J (Tj :14.5 JSJUI 

. Jjlu Jliul Ajjioj Ig-i ^Jaj Jj^jai 


.(ij IjA ..; J ; \ jjk .Ijj 1^. La l-ic- Loo 3 bajli £T^)aJI J 7. j ^ 


■ LuoL Lajlj Liai 
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I3a ^Q-uLj .^.V IjuIj a^ ^j — 14.5 

(Jj-a^ <ULVI oAA ^3 x>mll ^3 Ag VI U’ (j^ 4(Jjj)Vll ^gajl.x^a.2kJ ^ iVVI 


^•s *>VI iS jl-^J C* n*s A-iasYl j£^)VI A.aJ*ibQ c-1 V‘Vi>uLi 4 aV^3I (_£ jLoli |^Wu'l 

. j (Jj-adl (jjj (j£ii]l (jl jiluj^jl ^ji]l (JaIjjj 4.5.1a ball 6 AA ^^3 j • I 

^ Igjjjau ^>*s x^VI (JiVAj (_£Ajj JjjVill ^ajl >/T\ ^3 4 jlvsV (Jj-aLi ^A j 

V ^v>VI I1 a <j .crossover distortion JU&VI &J^V' 

. JjIa 4-C.l IVumI ^J^>J (j-aj dAa. jLii c q> s-x\\ 4_ili i^a. ^jj 


. (JlfljjVI Aj^juoj VI jV ^llilall jAaVI (JjAxll 4 j5j 5 \ 15.5 (J^uulll iS^ 
i 0.5- 0.6 V Jl>VI ^gk 4 3 .aft ^2 V^ jLiaJl (jiiijUaj VLAalj 

(j_j£li V LaAic« jll VL^. ^Jj (JUujVI VL^. ^ 1c- (jj^j jljai^jjl ^jill (j-a ^..^.1 
JJ* x VI L_L^.jVI Ag VI 4 AViJ"\ .V ■ =0 (JjSj LaAiC. (jl 4(J^.A SjUil Va!i 
(Jail 4_fljxu JdX_xVI L-llLuJI Ag-VI J 4 (Jj-ajll 4_11_^. ^Jj Xj J jialjjl j!i3l (JiLll fljul 
^.iwa ij . (JIfljjV I 4 j jjoli «dax*a (Jl jj till Aj j . (J*-a j]l VL^. X 2 JjiuJ jjl j^l 
. 1 Vqua.a Uni. c_J — 14.5 JlVI ^3 4iuVI JjjVill (j^Vlj^a,^ 


1 *ag ibalj j jLiauV I ^JJjLLaJ jc. aVaII Ajitj]l ^ic- 6 

^ jilVn \ 15.5 (J^juaII A*ni^ll ^x^jJa-dl 6^1 J ^j\-3 4 <LoI£!1a]I 6^l-lll ^^3 (J-^xU 

. ^ S\X A AjjI^)^. ^-lijjl (jj^j Lo^jc. ^gja, 4 jjlajjj! Jjll L^Ij <». 1JC. ^^ic- 

(JI!La1I ^ Ujj ^5j .djI^iJI Aj^Luia. CjI J 

(jSkJujll ^gk ll^-jJajlj .S^)!^)^J! ^k ^-uiSxl! jLiill (jl 3.4 

(j-o ^)j!Lai^jjl^ill ^^Vi L_fl^uj jljViVI &j )\J ^Jj CliC-L VaAiLjaj (jl 14.4 
£-<a JjliUI ajLa VqjILq (jl j>*iaVi (jc« ^7 ^,.li (_^^ll L^^)l^>^l (jl*iU\\ Aajjii <■ qViII 
(jl-^ (Jjx^a^k fi^l^aJI .Sjl^^JI jLpjt 

(jj^jajjll JJ ^1 I 2 R Vjlc-ljjJail All JJ (^Jfc} All JJ-dl jlull (jV 4 <C.^)jolJ 

C^3 > (jlS lij Ajj (J^JI (jS-oJj .(j^^jluJI SjLq ^3 6_jl^)^JI 

jjlAJI (Jj-aj ^ (jli 4-Ia]^3 0.7 ^3^)*_ll 6_jl^)^. Aic« (jj)VLi-ill 
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• 2.5mV/rC Sit V he . (Jil (j j£j * s jjj jj . *'V I 

jLiajl <L^x^-alt J .lajj Sjl^aJI i-ijj LaJUC. IjjIj jjlia!_)jl jj]I jLlajI -ig-=. 

jLu jj^j-a J] Li.ij.aj (jtllall Ix-jja^a t LuaLa' jj!Luijjl j!i]| 


!_£_i3 J1I 4X.1 lalmVI C )\ a'* >.sia J (JjxLoil ^ Wljj • J jLaa jjl jil 

Jjjj l—ilill (j^a 4jLaJ]j tljll . <ajjai]l ^Jla j^j Jc. ojjifi djljlii 

^jlixaa (j-a Sit ^im'i tlilt SjJJ^j <3Ui olll-i^baJ *lt' 3-ThuVI c~~l\ 

■ Ag.1 WnnVI CjI jjloijjl jj ^^ic. c_i^jjj a^jaxJ! ^ jj^'V I 



^ 4-uabLLujV! (lj) . JUHV1 4jjJj jj jbaJVl ^^jUaj SiUaj JISj (!) : 15.5 JLuJ! 

.SjljaJ! A^jJS lj!jJu £P LjIaIj (jLJajxj jLaJl jjIjjUaJ! 

!—15.5 ^ 4 n )a\\ Jjju cc_kill! ^ jil! I^A i—najl 

jLjakjVI <jc. c2113j 6L_J — 15.5 A nkail ^..buaj 

6^c* 111! (jjj ^jLloLqVI Laa 1 ..^ ^ apill D (jj.ijj.Jlj 

Jj!Luj^jl Jjl! i^}Jj (J*£j L5^ C ' ^ (jlijjJI . JjJjoa^j! JJ (_)£ ^^3 CjC^LJIj 

tSjlj^JI ^xijjj Laijc«j t ilnak .4 jj!j^J! Cj! jjiJ! (jAiiil La^jJajxj (jLajJal 

(j-aijjj OP j/^' ts^° -M$JI cr"'-*'^' ^ jLjajVI ^ U ^^'J 

(Jc« (jial.xJ.uLj La Ij11c«j .SjUI ^)fl!Lujj (jjjjlajjj! jjll ^3 jLoll jljill cJM *' 11 ^j 

.6jl jaJ! ^-lijjl £-a Jaj L^lujlLa (j) (_^l 6 (jjjjail xti^ (jjjjjULj (jjjjj-il! 

Cj|j . Aljl^ba'l SjI^U LgLqJ Sjlj (jVl ^ u^l 
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B ill IgjV 6(Jlo Jj-l^)-a 

^ j jjjai^j! jll! ^jbaJl B AjAII ^Aj .iadj CjVC ljl_9j£-a 

(_^l . (J^-llI SjLulj CIA-Q-Isu! lij (Jj-^3 AJL^. ^J3 (jl J j!iuJ^jl j!il! t > > * } (jUfl 

ajc-Ij <L-aj J^-ill 6^)Lujj (Jjt Vi Lo^ic- jiLaj^jl jj]I -i^l ^}-aj jLiil! (jj 
LaA.1^1 t jljai^jl j!i3! . LloLgI S *\ \a Aj.1c«15j 

A^.^-all b. VwVi 1-G.lic. ^)^VI A^. j-g L QjuVi LoAjC. 

(jjjall (_1 <g*v 1I ^Jj IjLjj Jj-aj 4-lL^. ^^9 jj!Luj^jI ^yl\ (JjojJJj . IJLai 

v o ^^iJI SjLaij ^jj£jj .^Ljajl aJL^J! &Aa Jc. ^Jajj ^Ul <—j—13.5 (JSjoJI ^ 
<jj_j j!Laj^jl^ jj]I (j-G ^jl ^}J (JSjuJI C ij*\ <j-g V • (J^-JI S jLuiV AjLlla-G A'Njui*! 
djlc-LljJall A_lLja ^JJ A-gIHLgII Sjl-lil ^Jlx.11 -Ij-Ij-gII .Ja^3 diS^JI <-. fljuVi (J-g*j 

jaIuxa jLjj Jj^>-g <■. lUrtl 6 / 2 R 

^UaAii Jj^xiii jj j jVu t ffl 8.5 

AM Radio Receiver 

Ajij^ (jVI LS 1 _*>“> 4 A_ljbjg *ril CllljjfL&il (_j^ajl ><n^> LjS^jaj (jl JbU 

(JjAjmILj JuU (sill (_£jjjl Jl Jig*L uiaII (JjiS (_ja A jl aC. AajJ-i1a ^_3 l^JLaaioil 

sjb iik-« 16.5 jSLjJ! .amplitude modulation AM JUsaII 
JU_dl (>uia superheterodyne ^aaJI ^ jJL Ja*j 
ojLil Jbalu)l jA JjSL^ l I^a (jA . 550kHz-1.6 MHz 

^gl & e’ i\a*^ jl A jqj. .i ojLuoj AjLaJI oiA ^A j ‘1^}3 i_J_5&^)a ellLa_jlaA 

lg aj-s>>>~i j JaUJI jjc. ojLiVI Jj-ai j 4<c.ljyi bLi-a ^ carrier JaU. 

■ I^c-Iami.i ^jatiiii j' g -v a Jil Ig^wl^klj 

A jlunll JJSjJ jA 1 g a t A *s > >>t j IAA ^ya AajIi I a AjI j 3 (jl 

jl A jqj,.‘^A]l^ Ajjjn^i'l dlljLiaiyi (jl .(jALilt ^ya jj'~']51 CIiIa _jLla1Ij 

(JIaoj] A i5aj (JaIa. Jl A^kla. bo!i3 (JaSS sjjaa»3 CjliLoiA JjdJJ ^Aaa51SJI 
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j-cVI ^£-9 (2^1^31 I.2A .S Juju (j£Ld ^3j Aj^U***q31 CIjLo ^lx-dl 

^^3j La cg. jx^all A3j^Ia CljliLui-a ^j\ >*niVI ^jlaLajj ^j3I A \ xj.n JVix.a^fr£31 

Aj^jJ|^) 3! A£-13VI AJa2k-a dl3i J-uaa-ij .(J-alaJ! CljLa^lx-dl Jxaaj ^A Ji!uja 

x >a«j ^^Jc. Jj^*j]I (JLqjjj .modulation (Jj.ixj31j j 

£ > 

Aj£^}a3! 6^)LujVI Jjoj^jJ ^aJ . (J-alaJI -Ig.a. J dA-a^ix-d! 6^)Lujj .Ifl Jfk LoA 6(_paxJI 

^1 J-^VI ^yWlj . A jAAnlVlx (j£d> ^Jc« j (_£Jjjl^) AJajoil^J 

Aaiia-o c, flA*a‘*n ^A j cA3.Ax-dl dJ^LoiVI (Jili3 l»li^ Uaxwj A \ a a \JVix 

(j>uJa ^^j 3! * ^gJlJra^ll (Jj.Will djl3 Aj^Jjl^)3l djI^LaiVI «^3jJ • 3-£j|jJjj3 IxJJ 

CjI^LLIujU a^I 3VI djlka^ c550 kHz-1.6 MHz ^YSi\ Jla-dl 

CjIIa ^Jj J-uaj djliLobc djLc^ix-a djIjLij cJal j j)\j^31 ^4*^) Cy* 

^c-iauJall Ada^)C. AjjJjl jll S^)LaiVI ^lx-aJ cdjliLuuJI dl3j ^x-J Laj3 ^j£3 . (JLuaVI 

> « 

<I^J.Vi<oll dll^LaiVI cdL ^JU-aj tlgjS l-i.o'l (Jj.1*j]I (JLaxIluil l^)lajj 4(_£_j^»JI 

.“U_jjLa JJC. jl ‘ £-o 

Cjli “Lo^a. (Jj 2 vJ tLilUsM “U.l*-a]l jjjl^jll CjI ^)Laij jiixj j 

£J_jj!i3 S«lia. aIjjoij 66^.1^31 Aac 33VI AJaa-all (jdj^)A 10 aJ ^a^)C. 

Ajjoijj^)]! &jLdl ^A lijjai dlil£ I3j .(JjoLiII ^)jaL<^. djLo ^Ix-dl 

AijjJall Aj^J^jjII A-a^aJli .LJUa-o Al^x-d! bj\-ui^\ dUj L_Jli-a A-qj ^jli tAiai^-dl 

^l^jl olad Ac-lixJI ^a-lxj c. Q>^i**n ^JUaxxl! (JjAxIillj 

frequency ls^J 1 ^ CjljLiVI Ul .lii^^l JL-jj LS k~ 

^Ul! JU^a .lii^^d] A-dXa Ji£! ^ ^modulation FM 

a (200kHz) (jiajc.1 aj^jjj A-oj^. JL^xILojI ^ (88-108MHz) 

Jj,AxIlll (JLaxILujI ^Jj Aaldaj 6 a Ajc«!jVI 


(jl V] CljLa^i*-a (J^~ > .‘'i ^jl 4&.1 t^^lc.1 \ oK <j| ( _ 5 ic- (j^aJJ A-olc. a^C.li A-<u 

.c- j*>>\1 d^luj al^La-aJ ^I I I Ajj ( AA^il! aLjA^I j ((JflJ <L^ia djliLaix ^LuiijV 1 i^ c ' 
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£ j-aJL JjVu ua\ *LLal£ 5 jIj (i-i) . 9 jIjJ) fj ji 4<IH< t^jSLai ^ 9 jLuftfl (5) =16.5 JLuJI 

. CjU jSuil jjj^a kliA. 4 . {j J J jjJI 
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daJ Ajls 4gJ.?kdi\l (j-a ftdiaJI Jj^ill ^j-Q ^^ill IbA Lc^lda ^Jj l^lajj 

Li^laj ^)x*a3L (_£J^jj1I (Jj^*j]I ^jl .Ijj^)L 0-i^jJa]l ^j-a \j\\'s V\iLJ 

S^jaJ) dll 3 ILjuij«H JL3 LJLa. L)^ q<Q A_jli 4 ^JVtll Jak ^jax«o (JLifl.u^V 1 j (JLoa^VI 

aJUI (3-3^ dldjoll cLjajI ^^ic.1 dld^p JU*U ^jS-^jj .aJUI 

I jLl (jfil ^microwaves Ajjji-dl ^1 j^Vlj Ultra High Frequency UHF 

A^laLa iS_J^ AjLjM ^j£-oJ V ^)lai]l Jak. (3^J J-oxll LS^ haA^lx*afll 

1 .^. ^A.^_j-a (^J^jall c. fliHl (jt 11 .«ojl dlL ^j-a ^aVI (_W_J • (Jxaj-aJI (j-a 

.(_£^}kl (j^al^C-V A_x-ax-ak-a dldjol! ^lax-aj t^jJL^-All (jj^A 

d^pll ftd^.j 6 _jLujIj JIiaIaII 4(J-aLaJI ^j-al^k] j-oll du-a^ll IbA -Ixj 
Mix* jaII dj (jc. <c.I 3VI c_a3 JL La*dc. A2lka.iLa ^j£-oj 4Ax.l31 AJaa-a tgiid 

16.5 (J^dll ^31! ^gJlJaall (Jj«lx3ll (Jl^* Ujja A-xd^p (JilLj d^u: 4^lkllj 
diLall (j-a (jl 4dL j<LoII dill A_lxL La Ai^)x-olj .4.ixun^ll Vgjlj^£-aJ AjjL 

• Qp jkll (JkuJI ^3 (jjkttM LLj 4ft^)l^ll <j-a A_alik-a ^j£Lal ^3 dl^LaiVI ^ X * JJ ^) 

RF stage AjjjJI jil dJJ jjII Ala .ja 1.8.5 

diljlujj ^a j 4^ol3VI d! jLSVl c> l*_J j ILL antenna ^1 j$il cA£dj 

dlljj^i]! A_la.^)-a 1 ^ a. VLj 4ftllc. Ja]_^3 j^)ka]l (JLa-a ^3 lAJ^L Adxda 

LLa^o s jLS] jllkj JjS JjSI .l^uauJaol radio frequency RF ajjj^IjII 

dlljj^lll oJ_^a._^o]l A_iC-^)L]l LC (jjiHl Sjj 4.Lxxl44 m .a Lc-Iij 

LC 6^)1 Jill 6^^a.j-a]l fi^lxlLall Ai-d^.ll c_L]jL (_L-aa-ij 4 5_1 jJ^I^)]I 

dc. (jVI -^-J^ **ij S^jxIaII <L£-oll ^)Laijj d jllia-xJI S ^)L-uV I 

4L_laJ ftJLalJ A_iC.lil ftjLoil 5_ijjjl^)ll dlLjjjll <la.j-a jjl^jjljj 
jV b^a..i‘.i3 A-iC-l iVI dll^)L ujV I Lai .(_£_^LJI Jiill jLaiJ ^3 Aj-U^a 

(J-aLa. ^j-a aLL-uiaII ft^jldVI t— illjJ «LC 6^1^11 (jjiL (Jl^-a ^L V 
ft^LiL (J^x-a ^(jd^A jL£ 1000 aJL^II ©La ^3 ^jLoij^ ax-I^VI a. L^.a 1 -j-ala. 
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SAjoJ lx jli Yij .^Tk (jj 4 SJj^,j Ajjjj-a 

Ja 49 1 -l^.lj l.l^jJ liA Lj^l^l , 29 j .^11 ]^ a \\ (Jj-lxlill 3 A l^Aj cAjjS^jLujVI 

^)Jjail A-xi^jJa-o S^jLjoI Ajjjpl^l U^' IVij .^^)jaJI (Jjg mM 

.y^l ^9 1000 kHz _* l*d] 


Mixer 


£>JI 2.8.5 


Jj L_iivj ^gjll i_jj] Jill ALlall (jjiLJI dll jl3 33c- (J^aolaj 4_uu 
(_£33jill ^JaII IjLia (_fa*Jjuij 4ft3j3a. 4 Its a J "' \ \ a^ya J£ ^3 JjAl, 


33 c. lii£<u 4^33 Jill jT Jail sja.1 j Sjb JUnj.uiUs .superheterodyne 

dulj 33 Ji £»a 4il_^a AjjIj Jad^aj I g 1C- <d 3 l.du.Jf I j 4 4_ill Jill <Ajtall JaJ^all 

3-all t-JlLu^ Lei .intermediate frequency IF JLiu. jll 3 j Jill LS ^ 
(beat frequency) 33 3 Jla*U ^1& ^ 3=4^ theterodyne (jJ3Jill 

J "'\ ) 33Jill |3& jl dill ^^1] ‘_sfdaJ . Uua (jJi.jJ-axi Jj33ji JJJ Jj_jsll LSj^i 

.4 IJnuJI ftjLIJU (jjiill iilil3 (Ja (jl £ 'l JulaSil j pjl ft 3^24. ^J-S t>ii J^aJ 4"lj~s J 

.o3lc 33 455 3' la-all (Jj.ldlll dlj l?i. a a ^3 4 Jj. njl' 33 Jill (_£jLaiJ 

dlljLil ^ fin j i_ajl Jill 3ls b K» Jig-a (3] 4(_£33jill ^JaII (JjWl <_UUj 

4< lffim-aH ojldyi £-a lj\*4.a a3l_j-all dlljLlJI o3A (_^3^.j ^ Ja (j^-J *33Jill 03A2.j 

#21 ■* 

jjaluiAll (J-cl^J! ^ ^jLoli LaA^.1 4 ^cliii 

^ jLdl 4 _L^.^>-q ^.Lag \n ^Llll c£ jLujjJ 6 Jl^ a\\ 


tVjl Vli-a d_a jjji tUaduij ^ju-aal A lygnti^ll SjUiVl 3 ^*-^ ^jal 

3^1 .(_yuJ 3 A 256 \jjj4-a t jjLuil ^^3 ^^Jajai^ll C 3 ^ .(3^3^11 L_l 3 jJall a 3 AUa dJj33tljj 
^ 3 VI 3 ^jl . 3 ^ 3 ^ 240 iSj^^ 6 - 1 ^ 3 J Ijjj-^a ^-cjoU tB (^ c - 4< ^ (JjAj-aM 3 ^-^ cs-^ 

3 I JVi ^cjllll djjj-^ail LaLoJ duau-al .La^La Lau^-a (Jj 4 C 3 A Vj ^B 3 A V lujj-a ^-aj-uJ tljt-a 3 JWill 

03 -a 16 J^x-aJ 3 ^ x^-kj 1 <ag )1 Aa3 3 >»U~v)VI j ^lij 3 VI du3 jj c" ln“u>il lij j i 3 >>q~s nj AjJLuj 

0 J 3 -all 3 ^J 3 <ala^jVij ^ 1 ^ 3 ^! ^^-ajau L_ajj-»i .B j C 3 j‘vv\\l 3 JJ 3 J 3 IJ 33 a!! 3 A I^Aj 

^IjlLal 3 J 2 k. t 4 j\_uLa J 2 *j .La^la (JjiUll 3 jW\ll 3 JJ 3 J 3 JJ 33 ^i 6 - 1 ^ 3 J 3 jLaUj cbC 3 .t note 

. ^cjjya JJ3J 4 3jildi-a 3JJJJJI3 3JJJ3J 
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d3j!i3j .^^a 3I djjll dljj 4„)ln'OUI jjda^jl jj 3I (j-^jL-a^. ^^ic- ddu ^j3I 

SjjIj 3I SjLaiVI JaL^. (jjfLi Lade. ^jjjj^)A j3j£ 455 (_^jLaij ^jja djj 
jl) >L£ 1455 ^3 ^a3I j f\$ .* 3 1 dj5 <jl <■ j>j c^jjjj^)A jl iS 1000 
I jlajj .JaJxjjSI djoll ^*^<0 ^Jj ^ jIa 3I -^dj Jjajjj . ^(jd^)A j3j£ 545 

43^,jaj ^ jIa 3I j)JJ (jd_jA j3j£ 455 <_gic. 5_a3jA3l LC (jdlall S jL Jj^.j 

> 

. ^j-s >>>M\ J"in Jll j^A iaS3 JJjjll tillj ojLuoj (jli 4 JjVI ItJ 1 u jll JJjjII 


Local oscillator 




JP^_a]I L_a]jJJ 4 4 1J» A AL^A £_A (_)j£1uJa 3I C_Lil jJJ (jjAAJjauJI ^ajd LodC- 

d^. j djJ dll 3 gjLui] dlj^3 6 (JaL^JI djJ £a JojI jja J^j tldajl ^UaSI 

djj jjA (jd^jA j3j£ 455 _J ^lc.1 j^JI <■** 1J^ (JA 5_!diA jjc. JaL^ SjLajjj 


t^jjoii^)A j3j£ 800 (J^Vxjja'I d^lll (jlS I3j cJIiIaJI (J-uja ^ic. » ^ IAu^a'I ©jLiVI 
g-i ^dj j3j£ 1255 (_£jLmj lAdjS s jLij ^1 ^a]I jj£a 3I dj 

4_idu jJ j^3 4 j%a3I IaI «(jd^)A j3j£ 455 (_£jLoij 0JJA d jj ^jIa3I 

Aj jj£j dfl jja (^Hl djjJI LC ajL j .<L^Aa Jl 4_^,ja»A j)A 4 _i^,ja j 


L_L^J 4 JaL^JI djj £A J^aII j"lg AII djj Jl Jj jWll J . fi JJL1 ajJa3I JJC- 6jIa!I 

dldjl! (J-^d de. (JS-uoll ^3 ^jIIiIijaII (jljjddAll (jl’iq i^aII (jj£j (jl 

dj (JjLojjj jl 4 ! j5j iISLia Luo Lo^JaJ^j Loj 4 ^jaViaI^ja ^jIa3Ij A-JUI 


LiVa ira^j iajJI cilL ^ 1 \ jdi 


IF amplifiers -laa^jll jjjH! 

(10 6 (JjaluLall J;ij£ ^LJJ Jj <^la. *Loj 

4(_^^J^Jj]l ^J>a 3I (Jy^ UtA J .AaA (jl 6^.1 J 5_ljJ.il J dL^JJ <1 ^.Ja 3 (j^J La c3-_^ 

.JaJjajjll J^jjll <L.ja (JaC. jA d^-J djj dc- ^IdVI >^1*131 (Jj-a^-1 

Ljjl.i (_5jd ^1 dljld3l dL^jj jjd 4 A m ^ <Ia,^.A jld^-l d 4(_^j^.l dl.A3.^j 
jjjj3I a1^.ja aj (Jasu ^' A \ (jjjjjA jljS 455 j >»j3l jjj33I Aaj^3 5_ijLoia ^ u^*i3 
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Iaa JUa-o Lol .CluUll! AA3^I dll A A_alj-c dal a\k^ia Jl A_Idd ^aJ i Ituh^I 

jLau]! 3° ( ^ 5 _jIj]I (J^ dll . (JdAll S^jLujj (JjJjtj AiLa^)la (jdn (Ja*-g 

.S^LjjVI dlla 3-cL^. 3° gaa 3 J-cla. jX-c t aI djI uxaSI ©^jLoiVI^ aJa*-c S^Liil 

(JSI j Jajaijl ^AAjj^I (_£a 1I daljlA (jl Jjall \ n^<cj 3 n*Vidlj 

^»Ac. ^ au>n 6(_£AA3 ^3-° J-cju (_£a3I (J^jjoia]I dal^lA 3 s IJ^jjojI Jl£lj AaI^j 

A-laa^c £-a (J aqnti^ll c k-iljj jiixj Ale. )nj > ni^ll AA^ill ^ddx/a t £u]jj jiuu ^J] A^laJI 

(J^'nti^ll A-1 xjj 1 JbdLoiV U \xujll AA^ill 3 di]3 Jl cdlldaj .&Aj. W A£.Ia| 

dal jIa dijoa A_^.j c t an>n IdaJ ^AAjjII ^3*^ J^luixi Adladl aIa^ j .Ajdtidlj 
aAA dal J AS . hi x u _^]l AAjj^I A_la,^)-c ^.) * M J^l AA3^I A-^lj-a A-ac-^la Addla 

i _jj^j-dLa C-Jjl nail _jldil ^-ada j <■ aAj!^ dlV j}*^ <c A_]ajail Ix_a Aj^j-a^-o A_la.^)-c]l 

daljlAll £■!jJ ^Jaj .dal jjIuj^J^' daUI jj ^Jl 3° jdLauJI jld]l £dd j 

AjdaiLc dlLxJ^-c (j-oda (Jddll i c. A_LIa 1I daV_j^-c]l (_^l edila Addla]! 

&aa ^jjj .IF transformer j aajj Jl$d* ^XjaVl 

.JaJjaij AAjJ >Xi Aia.^c (J£ ^-^)dxaj (Jd*da A^C. SaIc. daV j^.cll 


JjAsuII tila jl l aAX\\ Ai^ j-<j 

Detector or demodulator stage 

^)«^J Addxo JaJjoj^ll AA3^I Lf^ ^ H^l Aa 3 

djLa^ 1 *-<JI ^j-a^LddoaV ^ 3 ^ 1 ^ 10 J 1 (j^ l^-Sl 3 -a^Q ^lx-alj 

3I tlda3^l cJaJjam]l Aduj t&AA Lillie. .JaJjoj^ll AA3^I C5^ 

AAjJ S^)Lujj 1 ilyfijua^a (^^ 3 ^ C 5 ^j A&IaVI AJa^-c 3° aJ 1 *j^a]I (daLo^Lt-^l 

% t 

j)\ £ ^k^ll A_^.^)dJj A_Addalj jj-all AA3^I IAA ^-alddaij c„da,f\£l . AA3^I Aj^ j 

^ksi\c, 3^j) ^AA^jJI jl VAx.Ax.d 3 

RC ^dj^o ^Jj A_dal_lll 6^)L*iyi ^ . 1 g \a ^iixall cdu-ajll c, V*Wj^ 

^cdo^llj A_$jaJ! IdLua.'X II 3^^ J^da .AjJaiddJI djlAA3^l d3^ 

3c AadUll 6jLiVI jAdj .AM demodulation gJlkdl Jja*a 1 I dla aAc^ RC 
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(Jjj-a J Jjj Igij 11—16.5 ^jJ^ll (3j3 A nixll iAY'fc (Jj^juJ! tils 

^)Jiijl^ A x^q^k‘i^'1 djIiJ^joll ^juo^i ^jl ^jLftjJal_j . ^ ^ic. 

% 

(jj^j (."n-vj C j 7? tLajii jllkj t(J^LaJ! jjjlll V ^jx^JI jjjHI j^>aj (6.2 
^aj ,lVn% .(JllLall JjUiJO ^jlfr _jllSi 15 LijLljia f Q =1/2 JlRC ^?*i4t JJjJ 

JJjjll ^OJJ liaS3 (jjij^A _^!L£ 15 (J^aJ CjljJjjlt j jxCu.u^H -sll 

. jj^j-all jl}£ 455 3-»J>.1 jll 



jjjj 4 l ».jjj jil gja. (^a v in SjLiVI . 14 ^ (m) bla sjb (i) :17.5 jLiJI 

JJjj JJjjj) ililjjijl buj (jiaia-uj 1 fl" k« jijjj J^la. JJjj a jLil qa qjSIaj 

A ,>ia 4 • /. lIiIJJjj JAJAi JjjJ 4 hi Jll _JJ a A 

1-17.5 Jlill ^ ciiisil S_jl j ( ajai ^ tils ajIac. ^jLnl 

^ j ( 17.5 (jlxall v in JLoj 

_j <£iA-all s^LujVI .i*jj • c_j 16.5 a *n i^ll Ja-ua^ll 

A-ajLall S^LujVI ^*jl 3 t6^)LujVI (j-^ ^-Isjaill t. VjwV'i'I v m 

A 

.£ — 17.5 Jill! 4 nu*H djLaiVI RC A wall CjI^JjjII ^Juoj-aJ 

jUill c =0.001 JUF J R = lOkQ jllojill <Cj /? —1 a*jU1I ^11 c>j 
JjLqj t. QaaiI^II jli t (jjLa.jflll (JJjIa U g.InLjjj .y*Q = 15 kHz (jl-Jaau 
jSjuall ^S Ja^k^lj t ji| .4.3 Jisll (jIiaII Aj«1*j1! (_5^ 

Wlxnj V AijS-all ^S_jla (.5^ ^istlxol ^S ^jj>x^a\l JJjj 1! ^jl ^~~ 17.5 
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^jt.o'1 J-ijlill 4iii.!)Lo )->"l>«J (Jj ojLai! 4ji^/La 

laLaall SjLSyi Jft CjUj«5ll U .1 J& UbjVI 

Jo.Ujj^ 3I (3”* ^Aj 6 RC CIajIUIj Jl^.-2k.l 

j4k! ^a £-17.5 JSiil ^ UiJU oil .(T = l/(455kHz) g;jd g^l) 

IjLaC. 6 ^)LojVI (3 -0 L5^-3 * ^jC- *Lg^.La]I 

(JSjuJI ^ Vulg'I tdljS <-a&lj S^LujVI g ijuraij t4 xAiq'S i<a\t ^joi^)-g 

<aV peak detector sjjill c_L£l£j ^ jAll li* .16.5 

RC ^xjj j J*UJ! S^Li] j^k^Li 

1»*g\I l-lg-J .A-JUI dA^^Jtli]! CjIdAjj] C < IjVuHl V l^iV ^U-Aj ^J>Vuai 

.Ai^Lg dll.AJ^)J ^jj^gj ^jjj^g (d^C« 


22 


<j 


S^jLoiV! (j] (JjAl! 1 nl5<a\ l°l .t. ‘ < a\"l's^ 4_l]j ^Isull 1 Vl^^j i (Jl^adl! lila ^jc- ^dajl o^)£3 (jjj£ll 

i**nnj\ ( f a = 1kHz 4(_^uj^)A 1000 (_^jLuu .i^lj *^j3 (j-® <jj£-c l^jl 4 jjj>.^11 

( J c —455 kHz dld^J Aj^Ij (j,< u>» (Jj i L>j>n^II <ia.^a ^gi <a,l^}*-a 

dljLA>) J] AiLjaJ CjljLiVI oAa j^£jj .f c —f a =454 kHz j f c +f a = 456 kHz j 

V IH J 4 <jiJ_jA ^Li£ 455 <_£^)£^<a]l djpll ^^gAc- Aaljoj^ll d^jll dV_^a-a La! .^^Lal! <_gA 

di^Lil! djI^UiV! (Jlu^j ?l^ia y* fl ^j>^>\! I. ' | aj < N^ .dj^Lill djI^LiV! 

<5!>lc. ji ^)-vnV ^)>^->*ic. j£l *(! - 17.5 J5 *m 11 ^>laj!) *^>“ 1 !! 

^J^ljLj AJj-uLoU ^V! _j! .Vq^ll L^)jaU Ijji .6.4 yjU41 lia j 0,^ -V jjjj ^^Lol 

I V ^ ^Jl 4 jL>»j La ^jjj (3-a (j! —1 + V + V ^ / 2 + • • • 

cosa> c t cos(f6>. -«y,) f =2{cos(<a c + (&» -<y ; )) f + cos((6>. -(<y r -<y u )) f} 

= l-{cos(2(y c - co a ) t + cos <y a f} 

^a <jl 11 a j t COS CO a t —j !iLLax ^glc. ^jjLII jUj (jlj . CO — 27Tf tLtiL 

A^JI (jj^J V! iiVLta V ^ ^aJ! (jj^J CS^J 'LS^J ^^! A-a^ajJaJ ^jV! (j^-aJj t 

qa ^gi ojlc- 4 j 3 L_J_^C.j-all £?' = 1+V ^^g-^V! jI^AaI] <_gAa^ L_JJ^)flJ ^^gAfr LL^aak V]j iijJsu-a V 
^jLij c_j^iJa Aic- AibLuAl A >jVA! (^gAaxJ t/H! V ^ ^Jaak^Ul kaJI ^gjj ^llaja tljA Lai dlVl^AI 

j=o CjljUVI J• (cos <y c t + COS(a> c - (O a ) t ) l?' ‘/ c —/ a j f c (jJill 

• ojl-^ !Aaj al£ !j^^ V ^ ^aA! <AaJjoijl! dalkkjail <A^^a ^J^iLa 

.Aaia ^jo-all JJAIJ A_Al*AI <jJaAi-La]l dlj^jall ^)J^aJ ^*jj^a djia-j t Leila 
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Automatic gain control (AGC) 


</VI 


Jo (JISjjVI Ale. l^)Jj£ (jl dijj-all ©Adi j£-aJ 

SjA Jjfnu^l JWj ^1 I3j SAjju A-la^-o (Jlffim! <iaji A-la^-c a Jdl (JIjSJjoiI 

SAi ^ULVI ^ Jaxj automatic gain control AGC JT 

^jI^a jjA (j\ ^£Aj ^11 4-la^-o Jo (JISajVI (j^ 4dlj dl jx^all 

jjjajj _JJ^>^ (j- 0 Jl A A Jill £_Lg jA (JjA*j 1I tils SJa ^S 4 A>nq-s dll AA Jill 

tLjajI LlLo^j Jol^JI (JUa-o dll^jjiu JaJjaijJJ ^JjJ ^Au^-aII IaA j£l .4djj-all dll AA Jill 
dl^l 1^^ dll^jjju JaJjujjJ Ldajl LiaJailujI IaI^ . 4_ia6 JJjujVI jljl UJ*^ Jg 

6 JjoiVI SAjoi £-g t—LujLiLo ^jd-uba .^.^k ^ic- lVi<Lal 4 4 jj j)x^ll s jUVI 

(J£d ^ic. 4 ^jJIj ^JV! ^Vlll li^C. ^g-AxtLj <_£A1I 4 Ag -n\ 1 lAA jllaJj .<La1uuJ1 

IjLi^il jVI ajjsII 4 K^^ll .AijLaill FET _SI dLd-Ja-o ^lc> c_i!Ljj jLiaJl 

dll ]->"k a\\ ^£AjlJ cdLdjJa-<JI (Ja,4*dn9 4 dll j jJjojJ ll Jill dllj! jJ ^>^1 

(Jar Vi &AA Ajl^IJI AjAillll 4_ilsLi jj •' $ ^ .VJ ^1*0^ 6 (31 4 -JSjuj J 'll ^11 AAixAall 
. Lujia &A^G &Ajo IA AAlxjJallj AjJill dll )-vs .all Ja (J£ Ja aJ Jl dlj)t^ll 


^^.1 A.jJaS-s. ua dllAAjj ^Al^-a dljj^all dJjujI tilli Jkidij 

/ 0 =l/27rR g C g Aa2 ^Jakll JJJJ 416.5 Jlxill ^ (jjfall JjaJ <■ R g C g 

till A AjljLoiII CJg J ^aJS Jllall (JjJxu ^ic* 1 (_^jLaiJj Ia^. 

pUjVIj dil jjxjII 3 *(C^ =10//F j /? a =15kQ jli<ukll 

tA^Jlj ^^dll (J.A3rd.tLj ,<La1u1a1I 6_jLoiVI 0 AjuJ L-balLllo ^yiluiA 

.LlLaC. dj^\ /q nMX>ll 4 dl Jj^all SAjjoJ < 3^1 ^^Vlll UUa .1 ^All 

dj^all AJJjdlj ^jAAsj 3-8-5 

Audio frequency amplification 

a % 

dllAAJill J-<a JjVI Ai^,^)-all ^Aadll tils Aau 6^)ldVI 

^jAiaM Auiu a^lsdo R A-gjIL<JI (Jx.^lj .RC -1^^) 0^)1 A J-<a tillij 4AdjA^all 
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(j-a ^>diu.ba]l Ag-pJI C (jl (jJa. ^3 4 (J-a*lLaball (Ji 3 j}-a dj^x-all 6 -Iajj 

diL ^3 jLadV I -\g„ 2 k \ (_)Al.iill ( 3 -°j 4 ^JjVI dj^x-all Al^,^)-a ^Jj 

* > 

ji^,-2k.il lg_L<a ciiLjl *^Sj Al^^-all dlli -lie. SjLiV! 16.5 (J£dJI .Al^^all 


^j-iL aj^ 3 d ^ h-^I 33 4 jV 1 Al^^all ^3 ^jA do ill «i*j j . ^aLoiaII 

l^jL ^^^1' ^_jA, A*jLa-a l q v Anj . ^}JaLlLa ^aljla AeliaJ-ujI Aj-lilil 


4^jl 16 j 4 jjJJ La ^ jLajj Ai*jLa-a 4 g 'N a Aj«1xj] ^ -la. ^Jj AdaLAi-a 
Ae 1 Jo u J Jij (jLadal djLuLa-a Aa3l ja (J^^-a ^Jj A^.1^. Ad l“ Unjl I LI .S^jjaiLba 
.(18.2 J^l ^)Jajl^ £ >^H (^j Ael JoUdV 1 ^A k^ia (ja ^^-alaC. 


<jj jj! ji! JjaIuaaII 4-ua!jLl 4-8-5 

Summary of a radio receiver 


IaIIaLS ^^lill AJjLajll dll jl-ill CjkifkiJ l-lia. VILa (j£ jj-iljll (J^iluball (JiLaj 
jt/iC- ^3 AL^aAia dlljjfLa jp (_£ jj-il^) (_Jj£LoiA £JaAi ^pLllI (J)- 0 (jl £-a 4 j)VI 

CllLjAa Cl\2>-Jj^al 4 ALal£j-all dll jl-ill jLoojl jLpj! £a3 . ILa Ajj^jSaII djLSLS^ll 

dllSISj dl^-Ia 4Ajldll .CjISISj (j£d 6^)3ja-a Aalli-all (JiAuaiaII 

^a_£lll j 4ALal£la 6_jl^ ^3 JaJjaj^l aL^.^)a dl^Ja ^aJ 4 Aj1jVI djl aA^ia!! 

CljjljSlui-all Lai .6-1^.1 j chip A3l3^j j)Ada A1 a^)J ^JUa-all (Jj.Wlll (J ifluaA ^ v jmaj 
Aj-lilill 6-1 ^.jj JULa>V 1 JLaj djl-l^j (jAui ^ic. AelJo UaVl A_ill*JI 

. J^pa djle p_lS^-all djjx^ll ^ Ax-Aaj 


Summary 9.5 

.AjIaC. djljl-i ^3 djLaA-da-all (JLaxIlu.il (Ja^aftll ILa ^3 llix-oSllujI 

"LajlLa 4Aijl^_jV A-ajlLa^ ^JULall ^A a>>^ 11 ajl A ^a^)XJ UI^j Jal • 

UIjaI Ip Ulle (J-a*Jjujj ^ill (1^. (Jle j CluL 4A^jA*-a 

-kA a>>^ 11 (_JAJ o jLL) AlU. ^3 clUaxlujI J .AdLaC. djLaAjJa-al Apapaj^aJ 
jJ-uj jjl jjll ^aill j-a (j^-aJ ^ loA ^Lj-aij j Jlui jil^pll j)C. 4 0 ^)jy v^ill 
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V 4 f^dlA £AlAJ <LajILg J l^gAc. Sjj jaaiac. <il Js. 

^_jk. Sjj (jc. AjJalstJjaiVI 1 n‘^4j . L_fll^)]aVI AjCoaLc. o J)jg Vi 

Cllli SjUl <L1aI*a ^ja <121£a 1I jl (jj\)^j jjlaijjl jjll 

^)jA^) (j -0 ^LilLk © cAj^Ic. 6^)1 J Ifrflx^a CjI jjlujjjl Jj]l 

SjLiVI ^k.daA (JC. (j£aJ Ajl cillj C_flLdaJ . dll jjJjjjJ pl jjll 

£0 J-s 4 (JLia3I Jajjoj J^vk S^)l^ dUajajjA 5JV-^J o^jiu-all 

• A =-^„,^L -^fet _si 

^ic- Vj (3flalj V lgjl£ taih^ ^k-CaAll 4_pA»JI 4 Ajq\l qj£j La-IjC. 

( ^A ^j 3I dljj^ill dc- La! .JajaijVI (Jl > a! 1 ^.AxtLj dlljjjpll ^ja (JL^-a 

dLaj^A (. ^ 1 Unj ^J^)ll t l-itujVI (Jl > a 11 ^ja 

(JkJc ^ La] 4 4_AC.^)2j dL»-ui JJA.j <■ JHnj C5-^ C5^ <_^l dljJjjll dc. Ldajl 
)-n i. njL/1 (Jl ^ a\I k_fl^)JtJ j . fi JAI J^lic. (jjj Uu3 4ia.jLa. jl 4 jJLuljjl Jjll 
JSj V Cilia. /\ j Ji (jjCCjall jjjj Liu3 4jl3|_jSI l_jCCjllil kujpjl <jlj 2 Ac. 

4 Jlilall (Jjfiu ^Sc-J • LS -oiaC.VI “C^jj (jc- 3 dB (j-o jSiSL A £tJJ 

(jCaje- ^jLuJj 425 kHz i_£clr. ^Jj^a ( -.-v . Ca .a -Usjaa. (_>CajC. ^jLoil 
Cllli a2oL2i ^.'N.^Ca^a ^Ca^jc. (_£jLwij^ 46 MHz .->^..a.c 

100 JJ sjliiVI jajjlj ^KaAa jjCa^jc. Jj-ojj 415 MHz lc_^4c- 80 

•MHz 

(_pajC- J’Alil i _ s -SC’ l*-a 4laULdl Clll <\-s Al ^ja I\[ CClC. £_jJa j ^talsj 
4 'aCa.ljJI aA^.^}AI 4-0^1. (jCa^)*j kjjlLa ^aW kujai 

^JaSll Aic- 3N dB ^jI.V^a 1 ^aik-li Ax a\*\ a CllLAk x^iaII 

(jl 4 jil .aA^.1^11 4 _L^.^)a]Ij ^jj^aLkJI ^lijoJI 

L_fljjai dl]j 4 A cas — N A ^SLiill ^-<JI dilAk x.^a!I 

. ^3Jx>al 4 aJ>^ 

^j£a! ^5 j 4^^JI L^jV a1aI£ja3I dil jIaII ^ dibri^A]l qc. j 

4_1^,^ja]I £a^a ^j^aS l^-UJ Iaj3 ^joiLia]I <L13 CIjI a~s x^a ^ j a x ^ i \ 
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CjWKa (jC- g.LixliuiV 1 (_£Alj .AiL^-jUl A_U^)a]I 6AC>lA (j^xK (_£jLaiJ AAjLoJI 
^JaxJ IaI j djlAA^^I AjC> ^J^)II (jl x^a^'l g.lA]j JaJ^)ll 

.J^a J^ (j£ gkqlt aa^jjj <LilSiLa3! CjIjIaII ^a 4_xi^aJI (jia^jc. 


<j| Ijjj Aju^jjoi dil^Luij jl CliLjajj ^Jj A_^.UJI a_1U. ^Aj • 

^•sA aJ)^. (jAajC. (j^fLi (jl ^ ^ j 4 ^^)jojI S^LujVI dll^iij ClljlK UK 
/j A.jJanll Jj)» *.^-a SAa LiJaJ^j . 1 g g j^Ajj (jjAj 6_jLuojU (jjA^lil ^£1 

^Jafl .11 AAjj jA f h (jj c : *n«\ if r = 1 / 3 f h AA^U-IIj <a^ 2 *JI O^J ^ 0 £-* 
^•SjJVi (jl (j^AJ 4 a^^. C 5^ djU^jJaxJI (jlA IaI .(_£^lxll 

. JaI AjjAjjj SaUJI L_al J^\ I CjIa CAjJaJull 


£-la3 AA_jj ^)IaAa Ia 2 4^»jJaA T^ 1$*iAa Aju^ja AjJa^j CllU.Al IaIj 

4_j| ^A Jj/Ull (JaI^aII L-jl^^Jlj I^jAj (_£A]I (_£^1*JI ^-xAaxJI 

A jJ*>ivll A jx ks~i SAa (jl X 1 ■/, =1/T P &4 ^ A ^ 

.AAA ^)!KI IjI^^ (J-Uj ( 32.5 AA^-x-ll^ ^ A-<^jJax 2 l 




(jAaau ^A ^IgAll L-iA^JI IJlC' jA j 4 6 jLujV I A^-6k.\ eJl£ a. jJali (jjW'i Axj • 

Si 0 > 

ojLiVI (JLijlj liili ^jWnj . LJojI 1 frjc .1 Wnul ojljj (jSL<u tCjliuL^I 
. jLjj .-n.o ^jA jiJI i" lj*\ (jxs jA *ic3 Wnul ^3. kina A .>i,<3l 

. 1 g -s 4 jjj ^yaj ojjjS* CS"^" ^-cUalui^l (Ji.o'S IJ 

Jajj jSiuuj . 1.5 JSjjdll (jofall 3 ij SJJJ^ 

^j£J 4 1 An)U Cljj/ j)^x^ll aIxujI^j Ix^q Ajj j-usall ^a^xAali]l (J^l^c 

g.liilLujjU j . A_n*_xa CliUniaJ ^A I^JUxILujI 6^.).K.1I 1 ^ j}> ^ j AjILkJI 

^aaJI Cjlx^kjJaxi ^ pnp j npn "UlliU dil jjlaijjl jj JU* 1 ujI (j^j l^c. 

6^).j3t x^all AjuUxs CjIAj AjA^aII A-llUl B Aj& L_jA^JIj 

SjAUII 4 ClU*^ x^ax^ll 6AA (^l-j •^^jUaII ^))* x^a _jl ^ ^xa ^xi ^AoUq l_g_L-a^J 

CjISISj (J^xi ^^ic. 4 Jalj 200 j 50 (j^j <jj Ac.Ualajl ^jaSj 

. ^XJi 7.5 x ^aajJ 5 (_ 5 ^ c - ' ml ^yjj V Aj^Jajo^Q 
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(jjLiill SajAax jAju dAjjfL* VHa ^ 11 \~x*\\ JjAanll ('Jiijju^a U1 a*1ujI 

(JiiluiAl jl (_£AA^jj 1I ^jloJ All VI tA-iLoC. ^LajlVixt uia 

^£-• LdaJ VHa (jl Aijj^lUVI L>^ LoA_jjc. jl jliiill 

(j£d ^ic. £ix-aj JaJaA.all ^^3 4 "m^ll (Jjifl.u^^.'l djljjla ^)-a l^p^ (jl 

^ic. ^■^■•xll a_)jit x^a" Ac-UaLoiVI 4 x^A^ll Cll>l ; ifl ■Ux.aII ^ u^i*^ djl5l3^) 

^j-o 4_L-aidall (Jjfuxixll ^x-alic. 3a)aAx> 1 nla A33 i ^aLqUi^ djllilii^ Jld 
Loj .^J^ILj ^JVI ^Vlll j dl3j (_£AA^)j]l ^^-oll IAxg AxxI^jA 

l^)jj£ Jaxxjl 16.5 Jlxx]l ^3 (jjball JaJaA^ll (jl Ajlj S^jLiVI 

^ic. ^jl^J ^3)3^11 JiilouJI <jl ^A L-UjoJIj .^jLS^II Jift^ll Jalaa.* 
J^jWl lS^ (j* Ac.jiLa (jial^jC-V ALudjoua S^)Jj£ djlAjjAj djljjlajjjljj 
ClA^. jA djlj^J dJjluJI J Ajg >11 fiAljj (j-G J djljl^ll jI^SjjojI 

A.l4xl <j^a Ajjj (_£^)^l djI^A A^^-j <^Ua <- <1 .lA^)JC .j 6^)l^)aJI 

CljlA djl AX ‘ill Aj^^ 1 g \A J ^aIxjXaII Ajtla ftAljj 1 g \x> AjliJI 4 lS^^-^I 

bass <x-aiki«JI djlj^jlll cjIa jl treble ajJI*- 1I Ailj>^ll djlAAjill 

djlil xJa^ll d AA 16.5 jyi ^j-cjiaJJ .^c-lj .. Cl) j-x-all SAajj ^3 ^ladll j 
l q 1 ^->jj I a! . ^gJLSa^ll Jj.larMI JjSLuj-q dAjjajLxxl ^3 ^3 xx*l V l^iV 

. Aja-JI ^-uiLxxV I lS^^I AjIj A-oll Jidl ^^3 (jjj-oll lS.^3ax^\1 


Problems JjLuxa 

100 (_£jLuiJ IaA$.>j Jalj j^)l<a 1 1-^ic.lJalujl &_jLuj! (jx^na aI^^j *1 

tJalj 100 (jl I'Nj ^^)aJI Ac.I Wl x til ^jl ^jial^jiislj .-lal^S j^)l<s 

^jLnll A,fl >11 AA^ tJal jh 1 ^jl ^ 6,^ > ^jl j 

. ^AxAa^ll ^3 AcUiLajVI 

• A p =10 8 iA, = 10 4 = 10 4 :xj/jaJ/ 

^ IQ 3 £2 "AojlLa ^jLdJ 4 IQ 5 AikA A-ajULa ^jLxxj .2 
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jJ*ia\1 (JaAa £a (Jj-aj IjJa • IQ 4 4_i3 A^-j^aH Aii^JI ^j_j (_^jLaiJj 
i^j Lulj Ua^-a. o^Lujj ^ J^»jj lOOkQ A.A^kl a!1 ajajULj ^jLujj ^j^a 
AajIaa 4_^.^)^a £a (Jx-ajj LoAic* jJ*ia\ 1 lAA JaLj ka3 6 10^4/V 

?lkQ IajIaLq Ja^. 

2 aJLuia]! ^ ^j^SaaII j lI^a ^jxj ** ,<a j^ *3 

?l jA.hc.1 ^qjq^k'l ^j^)]I (Jx,>l 

(J^julll ^3 (JJIaM ^'Nx^iaII (JaC- Ajc> 6 ^) jit x^a'I 6_jLujVI CljUa-uj^A AA^. .4 

cA-l^kjlu (j^)^ . jJiaII ^J_J L_jLal^J dAJqjg)^ aII C^IL (JaxAxJj 17.4 
(Jjsljlil 17.4 cJ^julllj ^aLkll ^ LijUj a^HLaaII AajU'U 

.(\*& %15—10 

4js.jL. i_ysJt U^ai. oUa*-a]l tMOSFET _jjllai^ljjll (JjlLxij 4ac.j *Usj .5 
^ya i_jjs]Ij r rf J g m J.1&. .e jj» .^1 'ijLail ^ jj^jj t^ — 17.4 (Jfsuill 
(3S2U j] (j£«j ^1 R l 'a^j\1A\ tV rfj =30V j V gJ =-2V 

.-12 %=>■ ^jj 

. i? L =16kQ tr rf ~60kQ ‘g m ~0.75mS '-^Ij^l 

. |—16.4 JSjuI! ^^3 (jjJLall ^^3 o^)J». ^ill ojLaiVI *■. Wu'sl .6 

.7.5 j 6.5 (J Lmujai l ^)a ^jjWjiAl ^j^IS 

(_j£jul]| ^^3 (jj ia\I ^'Nx^iaII ^3 R ^j!a]1 ^LqjILc ^xa 4j3j5La A^.jj V .7 

UJ^ L) -0 ^x>ia\ 1 ^3 6^A*.x*o\l Aide- ^^).SkJjajl .1“ 16.4 

.2.5 j 7.4 (jAIiIaI! ^3 a^aIAI ^js]I (JIaxILojIj ^j^)]I j JL^a] 

.-4.57 ‘A r =-g ln r d R L /(r d +R S +R L ) :v(*J 

CiA* A*NA ^gajl x^l^kl (hf • \ k_fl^)XJ C£^) P L_Lai^.l .8 

.14.4 j 13.4 j 7.4 JSJj\ ^ sUoxaII BJT &\jjL*jA JA\ 

.55 t 500 iP = I c /l b = (12 10“ 3 )/(100• 10 6 ) = 120 z^/jfJ 
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_ J C '<} >,BJT jji til^Laui CliC-lj k^xa ^9 (J-axliuoJ .9 

a^)l j (J-a*jjoj! . / = 1mA 5 Alsl ^-a ci-^c- a Sic* Jaxjj i j3 — 60 

c > )\ l_3 — 6.5 (JSxuSl <1 ua1! Aj91£-o 1! S^xx-all SjLiVI 

{£jLajj A_ll*ill A**i^j*9 c_j jLiLa j)Ijj cs^ (jl£ lij jUIIj 

. r c »i? L u' Lpajji' • /? L = 5kQ <Jj 0.3 mA 


• v oA/ = v ce Av =-200 t i a /i i =i c /i h =60 

j 6 9 aJLuoaII ^9 k_fl11 g ^ j^*11 AjMj L_bai^.l . 10 

.Aj9 ..\fraJl -lj. Wil A_^jU11 Axjqll 

.A_ali^a ^LajULaj L <aV’i^Clilx-aj .11 

"UlJS" AjuIaaII L-Jjoi^I *1 — 7.5 lMI (_5^ (jJLLall ^'^✓vall 

AjuLo-q L_bui^.l ^1 toj : ^,..^.Jl 

LjJjoi^I j t J^AaI! V j (J^»lll > £ \\a <jl ^a^psl ! I AJL^)la]l 

• 7 — V / 7 ^ 

o o, open circuit / <?, short circuit 


L_bui^.l j £-<* V (J^ 3 J 4 V • lM> > ^)J-^9l • L_1 Ai 

• Z e =v/i i jLj^I 

.l — 7.5 (J*S>’»’ill ( j 3 (jj-La]l |i\ 4 -ojIao l\>.o c .12 

jUll ^JJ l_l 


4^ 7.5 J £ ‘ A l JLajtlLuiU A. 


1 r; 


.A - 7.5 Jl^loilj A. 


(rJlR L )+^ 
PR l 


: ujI j*J! 


Rl+K 

^ u.; A tJalj 1 (_JjLuu A . >iA J^A ojUij 4 r,’l lag. .1 ^jl |_^aljj3lj .13 
0.1 ilalj 1 iJalj 100 4 rJ U"i. M | ^jjSj LoAic. JiUajAlj ^-*nJ-a.all 

.u , 


. -lOdB t OdB i 20dB -.UjaJI 
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(jjijfLall j 4 10mV sjl-lLa llg 'v ASl ia ^JS (jj3jfL<s lajtJ .14 
(_)i53l 4 _ 'Uujj . 30 dB (_£ jLaiJ ^4 ■ V C"^ '~*> --n .o 

.'Ig -V (s- 1 ) J (I) ^ hipj . 5 dB l&j!4Lo dllc-Llx^a 

L« . 60 dB jl4L<u ~ig -sl l JJ cs-L?^ f , ~ i ‘ jjjj .15 

(_3^l^oSI .'ig -s\l (JaIc. jl.}La 

.10 3 :^!j^JI 

AjuLa-Q (_£ jIjolJJ w 1500 ^“S >.^><0 ^9 6_jUI .,^.^ (_£ jljolJ *16 

<c.Ua!LaiVlj •>" L-Lui^j . 300J2 ajuLo-o ^jLaij j 4 3kl2 

200 f2 ^jLolJ AjuLo-c Jj^aj -l4C- (J UxtijJlllj ^k 


• A p = 67.3dB tA v = 55.6dB 

> 

^lc« (J 6 ^)^La 0 jtlj l_jjIHaI! .\^.,'Sk,ll ^jjajjlLc ^ .17 

lila . 1 mW aj*^^D raudVI ^Ic^j 4 60012 (_£jLuij aj* y^y* A^ajliLa 
^ nII a-<u 3 ^a 4 Aj 3 dBm SI ^Loa ^-S^* 16 A^uall ^jIjL<JI ^lac.1 

?AJUtill (JjjULa]! 


.4.89 V :<-j)j?JI 

_j Jiaj Aiic.1 ItTumI 30012 (_$ jLajj Ajl^l j ^juLoa ^ la»j .18 

^ s* 

^j^a_j£^l 6^)Lujj .Jal j 1 (_£jIijolaII ^jC- (JjJjoLlJ 60 

30 dBm (^jLajj <c.Ua‘LJ A^.^k ^3^*j <jl 4 _±^j Jj 

! 4 Urt^l .A_^.^)^a £A 812 (_£jLolJ 


• LJjajUl ^ (') 
. J : ,-..4I ' I joLa i_i jILiaII ^vn>^a!I j ^i_jJ 

. . >i4l ^C-UatLall (djJ 

.(Jxtsdl .Ag^s. (iAj) 
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8.5 (J5mlt jjjiiall >^->.alt ^gS C -laJ^lt AA'] 5,a Axu3 i _ Uu^J .19 

o-IsJj aI^^oI ^ limit Ac-UaHui^n t_i ■ .~1' 

. r = lkQ Jj R l = 5kQ J ^ ,j3al ./, = 10Hz 

(jjM*\^a (j-o (jj5.all 19 aILoiJI (J^ii* 1 . 9 1 _9j-m J nm_p .20 

(_ji]t oAa.l_jll ALx^all £_la3 .lac. ( i-i > iijV I (JLa^all i gS A^j^jj AjjlLa^ 

?/, =10 Hz c 5 jUj 

• 6dB jl aLu : 

^lc« A_ljj>-a ja (J^.I^)a j>a^ a jA j^^A ^'Vx^ia _jl^iLa Ia .21 

-Aic- cillij tJajoa jVI (JL^-aII Aj^)Uia i (J JJjojJ^IIj I_J«^a 

CjX jl ? jjlljl J^l jaII jl5 13j <1 ^^)a 3I £_ia3 JJjj 

ft jl ?<J^I J-* 

I3j j.nL?k^A jA Qj^a'I 19 AJLoIaII ^'N X^IA f J ^Jaall JJjJ _jl«^A Ia .22 

10 jIjolj jll <1 ^ja 3! jl5 

.^jojj ja 15.6 :l-j)j*JI 

A^o J^. AjjISa A_1^._ja /2 ^3 ^j>/ia jlx^aaj L -jUsJ .23 

.aL-jaII (_£_ji*Jt j ^ limit A3^)*-a i_l2kJ 4a.la.t j Ai^.^a 

77 _It -.A. t >i,all ^ limit ^iaalt ^laau Ai£)lc. ^ j-Vimt 

f j 4.12.1jit Ak-j-oll ^ limit ^lafilt UjJ (_£jLaiJ Lalic. 

•/,.„=/,( 10 a3/ "-l)- I/2 :^/j^/ 

.Jtjli ^5 Lij 100 a j, 1511 SjjLill A_ic.^£i]l AjuoJ! <_$jLajj .24 

JJjj L_Lui^l tl0ki2 (_£jLol1 (Ja^. J^x-sa^A ^^x^iaII jl 

•/;, 

Ia3 _j ^JaxA A_jJai^jA Cljl-iJjj ^)J^aj ^juo^ja JJ jj jl ^jial jialj .25 

?10 f Q J 0.1 f Q jj^^jlll ^JO!^)a]I 11a .jjASkll ^)1«^A 
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La jll£ 20 j (_>aj^)A 20 jJJ La ->-s t>i.nl AjJJjill A-ajaJI j!Laj .26 

?“LajaJI s3A (jJajC. (jjajjjl A-ajLLaJI Aju^all j)\ 03. VI A_a_^a (jJ3 jj jljlLa 
. Aju^all A_a_jAil (jjjjj Llfi .lie. (jj*3j!La]l ^ K .'*; 

.18.5 l (_>aJ^)A _jL^ 6 t (_>*ujA 628 ! <-a/_£a2^ 


0) W 
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(i_j) AataAalail CjIJJjjII £y a lAljja» (jialiail L-Ui<u AjJjia Ajuja A^ja fi) -18.5 JiLJ! 

• 26 AJLuiall jlail .Ajlbdl ja IaIjja-i (jialiaJI lau mj SjjAa Ajuj^i A^j^i 

(J^aj jja. (jj^Lall H^aJI) Sj\j jll ~lg a ^ja, >Q Ajc. j A_a!i .27 

(_>a (_)jl jjfL jl i. . 'aj ~a ■ luOI a 11 ,lj» >^i sia jl (_pal jiaL . (LjjLLlLI 

?AjJ 1S jill ^ “Laja. (_pajE. jLLa La2.2,4/S 

AjILLaS! A t^-inlL Agjn'i^ 5ms IgJAa -l^a. A . ></i ^ja „ >,~i Ajej “LaJ .28 
(jl i.. laj A .aa ^^11 A >>>j\l ^JlSj (jl (_pal jisL .^1 1.5 JLil! (_^3 A n I aII 
.^»a >^.all ^lLu'1 ^Jaall JJji ^ hual i%20 j-a (Jsl jj£L 

(_)a..l]| A i>i o.lalj Aju^/s A . ,~i' • ~ja . V'l -ia i^ia t_)-a».'i uij i 3_jjoi .29 

3mS (_£jLjj A >>> I'll oJu jl (jJaljisL .(1 1.5 J5 .'.ill ^3 AjjjuJI A_i 11!L&]I 
33a-a j^jjj^sill -i-s Axija. (_jajc- jlj c (1 1.5 (JSLjull ^ T / 2) 

jjS 3j» >.oll oXaj j^Jjiill ^)33 t(jjiljA _jL£ 20 j (_>aj^)A 15 jLall (_£33jil 

. a> aax2l ^^a. SjLil 

.A_iilj jjia 22 t0.28 '. ujI^xJI 

( ^3 jjxall Jja <01 (_^j Ax.1 i-i’nuVI aa^a^] i_JjllLall jLiill (J^a. lr\ J3a. .30 
aj. 1 Li'nul tillj ^Li*j (Ja . R ' l = 500^2 “LajlLalL 12.5 J5.7ill 
A^lkLal R' l = 250Q J i?L= 1000Q lt 1 ^ t> 
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4_ialaC.l ^ja. Ac.1 W'n.'l jjiajl J_ja-al1 ^^JLa ClllAl lie. Ajjaij L-iuial .31 

.7?^ = 10 Q (_laa!1 Ax^ULa ^^Lojj La-ljc- 12.5 (J^ 1 ' 1 '^ (jlaall ~ A . >>J1 

^ (jlaall aa. ■ laall ^ tlil^aJ R^ l jUajVI ^^IlajlLa j_£.la.j CjjJC- 131 .32 
-ijl q*v11 R ^ Aajliall fi.lj.li31 Aajsll LaS i^jl jljfl 6 ^ nil’ll 12.5 (J5 imII 

V jliajV' (Jaij 
• fjt 479.5 : v/^aJ 

(_5jLuu c/? l = 5Q ^jUjj Lojiic-j a 12.5 ^ (jli-all ^-.A >>i.a\' ^ .33 

* £ 

^-U^iJ (_1 a2wJ 1 JJC- 131 ~A . >. ^11 1 jAv -0 _jULa Lo .%50 -jj^all 

*R l =10Q 


12.5 J5.'Ml ^y& .Lu^ Jj "* a 13 AdJaLJ ^vn<i ^..o .34 

i5 V lA.’lg •> AjjUaJ kill j2jjj . 5 £2 AlajlLa j)\ g a. xi ^^11 AC-1 W'nul ^aJ-liil 
•jR^J R e (_ s 1 c - 1~»^ ^ .LJajoij 10mA Aj-Ijoi jUj ^J-laj ^jl-i"n>Mj 

. R ] _1 fi.lj.laJ1 A .ajall i_jjjja.l 

• si jJ^oj >^->.a1l ^^ja. Ac. I Anal i _ nual |a_ij 

<7?l = 500Q </?,=800Q (7 cei2 = 5V <.I C Q =10mA :Uj*JI 

.-50% 125 mW 


(jj i<j \1 B Aj 2 i_i.laJlj ^jLllI ^-»A i/i« ^^3 iR l A >»i5» ~i.aH Ax, jULall JUa. .35 
. 0.5 W ^^all Ac-Ualxul J V cc AjjUaJI J^a. (jjSLj LaUic. tl3.5 (JflxJI 

• f J 81 :UjfJl 

^gh (jlaall B Aj3 k _ vw" J £3.21 ^inji / ^.ahc-Vl jlilll (JUa^ 3.1a .36 
•V cc = 12 V La^ic. 1W (_£jLoij ^^>a Ac-Ualaul (jjialll 13.5 (J5o21 

R l =8Q 4 15.5 ^gi (jlaall ^JlJI ^Lllill ^ .37 

V cesat ~0 ^=^'j JjcjIJ' o“ ,*4JJ1 o^a (jiajial .V cc =12V j 

• V . >0 LaJjc. ^1 t^Jx-aj Alla. ^ (jjjj!Lai_)j 1 jJI ia .1 (jj^J La-lic. 
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\l j t(J>.n3 ^3 T-, (_^3 Tj (jjfLl LoJlic. tlajla 

:uuu-0j >.o 

. R L J*aJI Jl a*j 5J! AcOio.VI (') 

(JS I ^ A~OLa . Jjluijjl JJ J£ ^3 e.llxall ^ -ahaII Ax.1 J-TnuVI ( > ^ J ) 

• JjJUjJI l 1. *Vl <31 jAllj (_£jLalJ t jjluljjljj 

.(_^33^)JlSI (Jffim.a ^gJ l^_l3 i— i_jC.^)a 1I (_)<al_jiJl .38 

CjIjjjjII JLa-a i 200kHz laAmjll jjjaJ! ^jLuu (jl ^^3 Luc. j IjJ .39 
.ILSliua 4j.l*-a 4jc.l jj SjLiiJ J1 J3d. aV ^ A <31 <31 IaJ jj (jl <.. i-nj ^gjll 

(JjJbtull lilil aI^.^0 ^3 RC A 1<3I CjIjJjjII jj^}<U ^ji^a <\t Wi l _ 1-NJ .40 
CjIjJjj j^aj 16.5 (JfL^M ^ (jlfall ^gJl )-><31 Jj.3*u]I Ji?n«.o ^ 

. (jjlaj!)La]l C j R (^^4 xx*. . 10 kHz ^gla. a. si 
C = 1.59nF iR= lOkQ 

<_gi ‘AGC ^ JVl t -»5v3 l ojl.4 (giajll Clilljll k<u3 (jl (J^jIjjsIj .41 
i .wn-s l 1 50ms (j jL-u 4 16.5 (JfwSI ^ (jli-41 ^UoaII (Jj. 3 *j]I jLiLuia 

?^ui^a]l li& ^li3 33^)j ^)l4La La . R = 15k£2 1 “Lisl^all 6' “I<u3 

(\A ‘ ‘ f i t ^ kail aajjj jjia-oll ja^LL 'aJcLuui 

i^Vij'S .fft = \j(T /2) iA ><-> l’31 oXa i_J jlLa _jA T / 2 1 g’O.a 4 . .~i • • 

(jl£ 131 ila-da =0.33(T/2) (_£ jLmll Jja >^i Sia 32.5 kljla-all ^ Ina'l 
Ajs-jL t,_>uJjA 1 j(T /2) (_>« ^>J^I ^kjJaxJI (_pajC 

- 1 ‘ I A^^all (JfLi ^gjt Ajo^q A 11 
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, (J ■ 


CjULudl Cidu 

♦♦ 

Operational Amplifiers 


Introduction 1.6 

operational CjULmJI ,■*<>>>* j ^ 31al£iall cjl jl.2! <jlij ciuSLo 

^Ic. a cjliLaxlt j tAslij i __k. amplifier 

..lilj Cy* (Js! Ajxu (_£ jLulij cojjiu-o ASlliSj i _ ll» ^ idll jjlaijjljjll 

• .o^ 741 ^a Li .!jj elisL* cjLiL&c. ^ i>i< Aisliij Jjl j 

ji.!j! ^ 0^0 (J j! J13 lIuISj . I Jjlui_)jl JJ 24 LllLjLaC- 

* a % 

^3 Vjl CjLiIaxJ! dL<ddui d'^JMxiol . 4-dl^) dll^ Laj 4^jj^)-uixJl 

dl jlj jjjy’n (Jdalijj (J-ol£jj (Jj^VI ^ <djl£ ^Illl aJjLqjJI c > \u J j^l\ 

^3 dLd-d-oJI S jj!£ dlflJjJaj jJI -1^.jJj . <1 ,jj^a 

dLuiLi^lIj JjdlJI dl jlj j ^JjujjjIIj SjLiVI Igdj tdVl^s^ll 

• j)\£Zu^\ S^)^La (_£J-U1 I^JLa*HujI (j-a -l^j Vj .Ia^jc-j 

J . d3jll ^3 J ^jLij J-cljdl dULoxil 

V_ 5 V + (jlS lij (_^l . J^»l3l ^jLi] (j^JI (JC. A-<^jJa-<s Adij SjLujj 

jA A (jj 4 jj2w 4V out = A(v + —v_) ;t j=4' ‘Ji.41 “pjl4J Ls-^ 

{_$ J*- iS I ) -iit 1 lU -N IjJj - ■ ^-41 ~lg ill 

V out =Av + (j\ tAj^jij-sall JJC- tji..2l 'ijLai! (j-o A <\i >>>.0 A i > >i' V (jl£ 
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filjl ClA-lLaxJ' A-ljlS-oj (J> Vij *^out = —-A V _ jt 

.Lijliij L_^jL2kj (jjlikjull ^jjj a£j1uui] 1 CjljLil <jV tAiul (JjjLiS 

W* w« 

^Uv^i! ^a-ua^lj ljLIaxJI ^-waa 2.6 
OP AMP-An Almost Ideal Amplifier 

4 (A =ooJ jj 4 <t.n"n JULall <jl 2.5 ^Ivi-all ^ liil j 

•(R q = 0 ) ^)SU-a]l jULaj (i? ; = oo | (Jij “LojlLaj 

<jl *•. aIL^-o <jl 1 C QU*Vl (jl 

^11^. ^)L^aI! £-}Ay ^AjJaj ^ A Al <jj i Ljjl g *iV 

(jl L_L^J A^jUAI (j^ajl j^oAil (jl cA13 ^Jj C_flLjaJ . J^3I idlljJjiJI <^ic3 

. ^Ax>iAI Ajal£-<2I 6^)1 Al 3.5 (JSjoJI A^p CjI^ixj Sjq'u^ 

^A.Aa./a ^ jLaj J • <\}») J) a CjLAaxJI ^AjJ^xq 

jj j ^Jlc--j j ^ /uA!A\ ^a^a Ic.ciaLiLoxil 

^jLujj A<ijli*j */?• = 2M£~2 (_^jLjjj (Jaj AgjLLgj ^A =10 5 lsJ ^^ 

_^Aj u" iTixn Ual^-a CjIiLuJI Ajfll^ A1 1 1.6 = 75£2 

^■uui ^vAjJna jA t^)A_^JI i" n«s (j-o tCllLiLixJI .a! £jLoJ! 

^jjc* j t4j\AAx> ^ic- ^jjilla-<JI (jjJlfraJl ^A »>ij AjI 

v„ =A(v + -v_)=Av d ( 1 . 6 ) 

i^Asc^l^) Aj«1xj .^.jj V ilAjL*II A^.jji-all AiiaJ! jA A 

(jnUi^gbaJI — j + AKn V^ AjiJa^ ^jl 10^ (_^jLuiJ 

CllilxJlj djLlLaxJI J)-o^)J c djLa..),.lJa.Jl ^ ^ J p JloJ 

^9 A-qjILo (^)C. Ajj ^I .^ — 1.6 (J^ 

bj )\dJ ^ Aojlia (jC- ^j^aUlLajJj 6 ^ R . = cxd ^ A^.jli-a -lJ 1 1.6 

•(«,=«) 

llLojlLaj (.** CIjIAa^JI ^Ax/><a ^)J 
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<jl ^ic. 6SjLoi] ^)A*J £-a I^jaa£ ^jjanj (jli j 

SaIc- (J-a*ILoij IaI .Sjl^pJl CjL^.jA diljjiu dL^j I Aa. Si”unj\ *U^ajlx-a.2k 

ja£I 4 \x y\ j (j-^W'i <JLai Ajt^.1 j 4 -jAxj l^ia (3^^ 

^Jj Ag.,^ QS1X ) SaIc-V 4-l^.^)L^. dlLojlLa (JL&jLLojIj Ail^JI 3^J • I J)\ ^JSJjuoI 

. till A ^JaLall (j^J • J^-lll 



qmSXz (<-j) . J^a3! JlA^l fj jl ljIjUc- I AaL^JI AajILa <uall4 SjlJ (i) : 1.6 J^u^l 

Sa^.j lj^Lu^jj j^Jsj tJaj^umll .AaIxaSI AaI^JI JIaj AoajIa SjIaj ljIjIaC- ' il Ijj 

. ljLIaxJI ^^uxoi ^11*1! JLaxIuiL ^u£UJI AifllLftll SJaII . AjAxIII 


The inverting amplifier (jjiSUi) 1.2.6 

AilaJI Jajaljl C_J — 1 . 6 cj5s.xjq]l ^^3 (JjaSljtll ^).U*J 

^}AC. ^L-JLaJI^ ^jjoSU! (J^h Ax.lt V i (J^A DjUil L$-i3 (3f3aj ^Ull 

R F *LojULoll (JL&kAmiI j 6 ^)JC. (Ji^AaII c /? j A*a jIaaII 

Ia^J AjsI£-<JI SjIaII 1.6 Jf^lt (Jajjj ^1] 3 * 4*^1 ^11 ajAxjII 
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I' jl t .^>11 L_<J j-uo^)J£ j^jlS JLaxJ-ujIjj . ^'SwiAl 

<a1^. 5 JjIx-qj i v i =/ 1 /? 1 —v ^ <11^. aJAx-s 

( * 4 la (j-a <L<aj o jloJl <^-3 <_£ jj lijl Jaa.V .V a = Av d =— i p R F — V rf 

I_1SJJ 4<_3— 1 .6 JSjullt o2j3>.jja 

Jujj t*a ^^lc« L_T" 1.6 cJ.^xjj.11 ^3 CjUImJI ^'N (JLg 333 . l£j^o till J j^^J VI 

A r >.^■■'>11 ^Jj .4 _a 3 J ^ (^jlan dJj-all j-a^)J 

K=0j R . = oo ) (JLoxLojIj 1^3 j 4 a^I jJI 4j3x‘\jl 

li]j . R. = oo j^ i — 0 jl gliWi t^ — 1.6 >m\ 1 jj tAI CjULuJI ^x/»<al 

: R f jic* j *j /? 1 j^c. jLJI jLuJI jli 


( 2 . 6 ) 


; vn . >i^ (Ji-lo (j| ,_jl 4 A -^oo <jV V rf =V g /A ~ 0 4(_£ J^.1 (j-o 

(jl (Jj&l! (jfL<u (jjjSlstll (J*Q At (j! j 4 j j) >»Aq4 furs Alj ClAjLaxll 


A = V ° — 


v, 


* 1*1 


A 

/?, 


-} (jr^ ^ J' 

(3.6) 


A $\^\\ ^3 (j! I^jV A^.lLc 4 ~sjVi a3Aj 

33 Vn ^J^jll (j] (_^l . (JV^AI <LgjULg 4x^.1 ^>11 4j3xill ^Lo^ULo 4 _i*j3 <_£ jLoij 4_ali_A]l 

^jJal^ll j-aj . I^)A^ A j' c A jC- (JflJ-uj-c jAj 6-iaiis 4_i^.^)l^. CllLojULoJ 

AjjjjLoi^. j-o I^jjj£ (JSI Sjl j^JI 4 -^.j3j 33jill ^)jju oL^J CjUjUJI AjjoiLol^. jl 
L^ikjJr^Q j_^j tAlij . CIiLiIasjJI CllLoi-Ua-c 

AjILoJI S^jLujVI JJjoiJj .4 xnq\l cluljJ jI^LujVI Aj^jo) <jSJ A c**llj\<aar \l 

.AkAI s^jLail ^Jl ajjouIIj 180_j 4-^.1 jj-o ^^iJI s^jLujI jl ^Jl 3.6 Ai^UI 


l^lajj .JaljS 15 J 5 (JJJ l-o o^lc- ^ jIujJ A_j.Aar_\.W o>^j >) Jij.Wxt ~n j Jaa-V 

t> LL& (3 l £*1 v d (jU I A > 10 5 (jl JJ 
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cAjlJJI Aj.^arMl (Jar Vi . (Jj > sik'\W ^ja *^3^ 3.6 ^jVI (_£^)^lij ^ Sjjoi 

^l£* ^ J *» ^*>1 ljjJa^)l (P AJakill (_£^ (jjj£l*JI (J^.Aa]I ^ R p Aa JiLail aJojoiI^J 

■ ^ Jl (jl (> Jxj j l^A 3-iVJl tilti ^ <*JaL<ill Jaj)3-vs\l (_^i 3'°^ (jC- 

jA AjaAVI (j a A^.^jJ Jc- 4 •Njnll aiA 3*> J Iaj »(_£jLaj A 3-iVill cilia ^9 V_ 

jVI Jj t J>2 P A-laUi j jVI (J£ J Jr“J ^ 

t J <J£ja 3I ^9 Aic- ^)JC- 3a 13k j U-J - ^ (_£jl_uiJ P AJakil! (J^a£ (jl (_£1 

^jJ3a1I J P AJaiill j^-xiajVl A.4*^a dial LiA j-°j ‘i=0 

•v. Ja.AI 6 Jail Clll^iij Clljl£ Ia^a Lldal J9l LldaJ (jjj£l*JI 

aJoAj Ldajl ^^ajoij l^jli t LbJal jy$\ Lida J P 4 JaVJl (j^£ Jlc- ® 


Jx^aj U£aj cJH3l Jjn^j Jc. tCjljLij 2r^3j .summing point a*-^ 
dJ Jjj ^ JA'NXl (_£jLalJ . I — 4.6 J^dll ^9 Jn3! (J J P 4 llVlll £A CjIaJAA fi-iC* 
<J! 'j^J • ^ -J u^ Jj? ^-^xl i P p aajIIaII Jjj 3^31 cLjIa jlLo 


.£aJI AlaVn dnxun iP A JaVJI ^^9 Jo-a^j AjL £j j»lii (* a Jl J 


1.6 juai 

(jiball ^u£ljrJI jJ*>a\\ i p J / J V ■ J J J^ill Aa jLLaJ Jl LjJjoi^I 

tj R o =0 «7? ( = 10 6 Q ‘A =5-10 5 J O^J^' .^-1.6 JLill ^ 
(ji^j ls^J . ± 5 V isj^i j ^a. (jlj 4 R^ = lkQ 4 R f = 100 kQ 

jl jjJ j-Q 3.6 4 j£A*JLj ^^JLaxAl 4" 1 jl<\»II ~n. .'n ^ j~N'n.i' 4(J>^>^I La^3 

•V d = 0 jl AjI^jJI gj C >3 JJSJ 

^->•■4 .>>^ ^Jl (JiklAI i jLiill jmj 4S^);1 j£ i? ; . (Ja.Ji3l 4jtjL<ui jl ^1 l^>iaj 

^3 jLall jljAl ‘2.6 kl-llxAl klLa. jljC. 4IA . -«g djLiLa*JI 

• Rp “i-ajlLall ^g3 jLall jLiill R\ “LojlaAl 

V i +V d _ ~ V J ~ V o 

R l R F 
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*aJLLuJI j-a I jJj tv j —v o /A 4 1.6 a! Ax-all ^ic. ^Ijjj 


1 1 ^F 

v 0 1 + —+ ^- 

A AR, 


R F 

■ - —V ; 


A —> oo jjl jlilc-l \ \ 18 *i\ tl-i^. diLiLaxll ^ -s. >i ^ (jl Jl I Jiij 




v =- —v 

0 R, ' 


• 3.6 b\ )->» A\ ajj/Vull A -yjYill 

CllLajlLall -iL ( Jc- ullLajlLaJI (_gj CjLiLajt II ‘s. Y ^ Wm.J 

‘3.6 aJjLlaII Jlc. «-Lbj ‘IL1 .JaSS 4jt^a 
J SjUil 0 iA J JUI SjLSyi j*Lj .A r = —R p /R l =-100/1 = -100 

. ,^-N I 4jjULa 4_a.jJ 180 jl, Vq.a 1 J jia J . ~ig Jl 

(_Ji.jLa £-a A j (jja. £_oxa IftljJ Jill 4-ajULall J) Jk-}]l 4-ajLLa Lai 
1J n > 1 1 A 1.a JiaJ 4jujLa^ gLa j . R =Vj // 1 =/? 1 = lkQ ^jLaui (v f 
^(JaAI dlLojULc j-a U^ 1 AxjLa-oll ^ J-axiuiJ^ 

jV 4^xAa-ig-a]l (J.A-'U £-a Sjjj£ ^jA AxjLo-q iS^ fijlAj (* j'Q (Jj-gjl A-oJ^La JJC* 
jl cilli ^Jj L—flljJaJ . ^j^jJg-oll ^Jj L_fl jjoj £_llo!I ^ j-a Ajj^k \ jj» • 1^. 

(JAAI AxjLo-a lftj.Uajj ^jJI Sjjjfll! dlljlilll jj3jj jlnunj V A L_LixjJgll ^ n-all 
A-illxll ^jAll AjuLg-q ji ,\q -x.11 n-a J-axJ j' *■ . 4AjHlLall A_i^U1I j-a . AjJgiAJL-all 

(jA.J AxjLa-a ^ A wn-a £-a 

6.1^ j jl Aj jlJgJ.ll Vj^jAJI > (Jlln-al ^xJga 11 A^jqll j 

j-a 4(_J-<^. In A (J^uj (_^l j .^JgljS 2 j)^k 1J cAlj j-a (Jal fijl-C. AjAilill 

-V 0>max ~V powersupply 3 Jz- 0^ 17.4 3 m- 13.4 Jiilt J^3 
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IV d = -5 V /-A = 5/(5 • 10 5 ) = 10 ju\ a^J J a^ ,v o =-5V J 

. Jla£J I iS j i 1 Aik jji^a ~lg % IAA j 


.v. =(-R l /R P )v 0 =(-l/100)(-5) = 50mVM ,3.6 aSaUJI 
*i =v rf //? f = 10//V/1MQ = lOpA CjLL^I { A>^a ^ J jLJI J0 

AjAiill jIjj {_£j Louj . I^>iu*a a j' JJC-1 (jS-aJ Ajl A^.jA Ia^. JjlAa Ia&j 

• i F =~v 0 /R f = 5 V/lOOkQ = 50 /jA J\ d F =i 1 a~J jll 


CjIjIa JjW 3 (jjliSllill (jiiUiiLuiVI (jjjAc.la]l Aj_jj i j\ 


AllLiLaaJI A.- n -c, J^A^ ^.j J^£ jl ^ic. ^ J. jVI SACLill j^ii'i . dlliLajt II 

3 AC Llll c -(v + =V _ j!) = 0 S j ^ \. >iUu 3 l A^aJI Jj) t (jlj jLuiLtt 

LlLaC (jSuUj . (/ =0) Ji.Aalt (j* ^ 5 ! jLjj <_jl j-aJ V Ail AjjloSI 

.Ajjjjjall sA^J Ajiiik AjAij CjIa dlLlLaC ^i>ia sjIa qj\ tJjWi 


The noninverting amplifier (JjAUJI jac- 2.2.6 

AjlzJ jl! AjA*j]I Ag J 4 ^jja£L*J! ^)JC. 6^)Luj1 1 \'()U 13] 

13 AakJ.nl! dijl£ tl — 2.6 ^9 Qn^ll J^9j J^Aa]! ^5^ 

(jjj ^jJal! ^9 J^jUaj 6 !«^ A-Jlc« AjuLaa 

(_^3 ^ Ha £a (Jjk-a^J j! Aj] SJ^k ^)a ^JIja !3a j Js-aSI 

^ai^-Lo (Ja^j j! ^j^aJj ^ haII (Ja.^.j V) Aj11c« 

. jJiaII ^9 Ja^JI ^jJjjJ V) AjuL<ia]I 

^9 R j ( ^jja£U! 

.iVi-pk ^c* ^lc« v ■ 6^)L*ij (jlLjj j l_j — 1.6 

• Vj L-JLuJI Aj.\at*i\l Ag ^ ^*1^1 

Ajj-pk .V ■ = Vj (JjSj IaJj tV d =0 (jlj ii =0 ^)Ljj ^jl IjJajl LlA 

:<j\ c^jjjjLoiLQ R l j /? F ^jiLajlLJI IjUj 
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^ -Vl _Vi 

R f R t 


6^)1 Jill £A CIAjIa*!! ^AxJ^a' ^Ltall ^J^)ll (_£jLaLJj 


A - V ° - v ° _ i i( R F +R i) _ 1 | R f 


v i v i 


i\R\ 


R, 


(4.6) 


^ic* LxJajI ljA ^J^)ll -IaIxJ i^jj^btll ^jja-oll a 1L^. ^ ^J^)ll ^jl^C- L5^ c ' J 

.Jjlia.jlk (JJJajULa AljaiJ 

/?i (_£ jLojJj A xJ^Ama ClulS ^)ja£ljtll ^AxJ^aII (JA.J AxjIaa <jl 
• IjIaC. Aijlg-jV ^uSUtll ^)JC> ^AxJ^aII JAJi AjuLaa ^)L±ic«1 (_j£aj 4 L_T“1 • 6 J^ll 

(jAj . R'. =v. /i (^jLuij <Ja.i1I AxjIaa (jl ^Ic. (j-^ill (j^Aj tl — 2.6 JLslI (j-^ 

:^jjj <ai^. ^^ic. ,1g -n\\ I—SjjAjjS (jjjliS (jjjWi 


-V,. +v d +i l R l =0 


(5.6) 


!(J^.,^1I AjuLoa ^1c« Jj-aa-j i 6.5 aLUaI! ^ja i •V d = i R ,. u) 4 

Rl = !A = _li_= _£_= i = „ 

< (v, -i,R,)/R, l-‘,R,M, 1-1 

(jl jiiSI JjWll (j5-ajj .5.6 4£)l*JI ^^Jc. ^lii i^R^ ~v t UioadJ as] 
r, j j} 'j^j ‘R; 3> R (jisj (Jo£iljdl JJC. aj ‘ 4 juloo (jl (jjJJLJ 

Alio 4jlfr£Ulj /? ' i_JJjaj jli tdLlLutll dllo-s >>>o dlojVI jjJJ^Lo 4Ajj (jo 

(jo dl jdl (a-d ‘ oaol Ioj51o (_j.u£l»JI j^C. .^-ioll j j£j AllAi . IAi. 

.“(ojjj£ 4juLoo dlj) lAa. 


-.1 .<2 


^ (J jLxJ j c qa \t- AjoLoa (jl tlllj ^gij (. <1 *>>j 

. 100 £2 djLlLaxJI dlLaa 
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Voltage Followers and the Unit Gain Buffer 


£jtlu A3j^>*-a]l e^jLa]l A >«MI (_^u£i'.»JI jjc. Aj^aliJI dlVUiJil jpa 

^sJI £i\j .^-2.6 ^ voltage follower ^Jl 

usij t.'iVij-. .\—2.6 (JS22! ^3 (a^jjLo Sj = oo j ®jU) R f =0 

:^jJ! 


A = ^ = 1 + ^ = 1 

v.. R , 


( 6 . 6 ) 


(!) 


i=0 



• V 0 =Vj 4 j 2 jiajj .Ig-a. JjIj jwi A 


(A 


i 



jjc. cjUL»g 4 JjLuu ^ :2.6 jLu^l 


/?.' ~lg -nII £jtj AajLaxs JAaJjj . (Ji^AI .'Ig -s £JUJ ^ji2l ~lg -s (jl (_^l 

> 

{ja ^-H) 2 ‘M - 2.6 ij£Li]l j_gi A null SjIAI ^gic. ,1g -vll i— a_^xijj£ (jjjlis jjjAalj 


UL»:iJ dna. ‘V ( . =v d +v 0 =i R ; +Av d =i R, (1 + A) ~ i R t A jt t*SU 

(J^.AI 1g •N A..Uaj (_£jl_uj (_)i.AI AjtjLax (jl j •V„ = Av dJ V d = i R i 

J>. oVi tJi^AI jUj JJ 


/?; 


V . 

= — = AR i 
i 


(7.6) 


A =10 6 J /?. = 1MQ jV US— U*£UU i?; Jjlj LJ Uaj 
A»ojlLa3! (jl .i?. = IQ 1 f2 = lTfi ^iAUs .'iAc. c_iljU»II dil.oA• .a ^ ^3 

.4jLa*JI (JfL 4_^.jdiA ^ajl li-La (jjdLa (_£jLojj C5^ 

^)l^)Vu*)l (j-a cJa^.j ^iu 14a i^a £jJa-3 U+^ 
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unit gain ^j^>1I ^ Sjjj£ djljliil (J^aJI 

Li^j^jjja i ^jlLoII (jc. 6^1 Jill (_^l cJjI^JI l-a IJlc'j .buffer 

^Ja^jjuoVI 6£ \jfi dllj^^fLoll j CjLuj^-aII JjjS (j-a ^Ilil £jL1a 1I (jV 

S^joiLl-a 4 juLoa 1I ^jJaAdi-o (J-aa. (Jx-ajj .<Luj jjuia-o 4^UaJjajl .AjJ V 4jmj)Vi» 
^ya . (JLa&VI J! 2/1-A> ^1 (J-aaJI ^Jc. iajlgJI ,1g •% 'I J» •NJ 4 juLiia] 1 j^Jlc. .' 1 ^ 

^^pjl 4jtjLa-aj LllaC. AjjI^UI (JA,.A! 4juLo^s ji tJjl^Jt ^.iSJ t 4_J^.lill 

. J-aaJI £ \\aW Jlg-2k (_ 4_a 

2.6 Jli*fl 

^jLoli t/\$•> ^Aj c R v = 10kQ ^)jj^-a 1 <jlklall ^juL^aII ^jLajj 

AjuL<i-aJ l.g.lndi ^-ojojI^j (jl (_jJal_jj3lj «V = 2 V 

.ajs^j^II <axxI^) 11 Ac»\^xu*iVIj Ag-aJl c_jjai^.l t500f2 ^jLojj J-aa. 

. J-aaJ! J £Jl1a]I ^J^)ll (_£.la! J LP^ (JLa*ILojI (jja (Jail 

^jLojjj <v L =v 0 =v 9 0.5/(10 + 0.5) = 0.095 V J^JI ^a. ^jLoli 

• P L =Vl/^ l =(0.095) 2 /500 = 18.14^W J-oJI J\ <*ALAI ^IkL-YI 

L-JJ^JJj 61 3.6 (J^dll (jlxall l 3^J (J-^^ll J ^1^11 (J^J (jVl (Jjla. 

l5jA^J JA^JI J LS ^ tAJij t(i? o = 0 J R . = oo ^ ^JULc ^*n. .a i JjUJI 
(jV) (JjtaJI (_£jLoij (J-aaJI ‘(Ri = 00 uV *4* (JaJ jIjj j-gj V) ^ n<ftll 
^lj A^aJliLall *Lc.l Wn»VI (_£ jLalJj tV — 2 V .^Vn*S ^jLojJ (J-O^JI ^ ^ c (^r; = 0 

Jl ^ JUJI JL^I a l . P L =v[/R l = (2) 2 /500 = 8mW J^AI 
^jLojj <c.Uajjoil ^jj es-l]j 12 V/0.095 V=21 ^jLujj 

^ uj cJj^ll lI-^-^ (ja! Ajjj .(JjLaJI SpliS (jjijj liAj c 8mW/18.14^/W = 441 

*^C<1 WntiVI jl ^)l4^l (j V tAilla CliV jl Ja^l^l Aij)^<a\l ^jLL^II 

. (Jjla. JU»duil (jj-J (4^ ^C-l WnnVI A-daia-Lo (JLaa.1 (Jji-dil ^jjJ^)^_jjJall 


.(J^xll ^ V dlVlaJI jj-a 1^)4^ ‘* ue ^ L)^ 1 «aj~s is-*) Ixxla ^jdlxll t- 


jijj 


3 
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jljaa,4 JasJI UJLj (jc. < iut'n jjL> Jj*J a^aJ) jjIj J^xluu (!) :3.6 JSdlt 
^jLuuj -(j^i jLu j^"’ 1 "J V (jJlla JJlaJ AjSlLa sjlJ (lj) *_u->'1 ^ AjIJ jLu 

. AjS 1^-aJl Jajj* 


4jVit a*\W 4jla$j1\ Ij f jljiallj 4.6 

Summers, Subtracters, and Digital-to-Analog Converters 


^ (jliall l 3^J L )a.da ^^ic. dljl4l oJc. (jjlWil 

i _£ j LolI ~lg ^^JaaJ £jola ^ A..Ax’i ^Jc. tjt.-i*s'l il — 4.6 J^dll 

Ij^jjjl Lai la3j j . Adja^a dll ^jLoil ^ ^ai LLLa AjLSLujjll o jlA (JLaaioil (_jfLaJ • (Jdall 
L/ AjV dljlii £»aa Alaki _P A_laaill jd*J ‘1.6 JLLall dsnu ^^all o^aill ^ A_JJ 

: u^j -cs^J^' 1 t jA 4! u' lS^ 

i l +i 2 + i 3 =i F (8-^) 




R l R 2 


R , 




(9.6) 


lajjaLH AjiLlaJI ,jxs ^Luj t R^ = R^ = R 3 £-djJj 

v 0 =-^(vi+v2+v 3 ) (10.6) 

K l 

£-alall J 3 W 1 J 4 /?^, = i?j jLiialjj -0^1*1' £-alaJLi . Aa\l |La 

^-aLa>JI (_$\ t(jji£LLSI jac ^-aLsJI Lai .Vq = —(vj tv, +Vj) ^ )-»m ^Lll 

V o ^jall .1g •> jj^all (_3adjS tAjlLoill ajLiLM (jj^ L>° 10.6 AsLLtll ^ L)»J (_5 LlSI 
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»■ 

uU 31 Ajj^Li AjjUjI Ijljfri JjJa. (J .^jUa (i_j) (ij : 4.6 JS 441 

. Aj j 4 iai]| L^jUilLa £-a (Jaljk 5 J Jal jk 0 _J ^jLl!al«Il 1 _ 11 j 0 _ 11 1 $j 3 <Jia) 

J) — 1 iSj^i (jj^lc. JJE- V! J^>-aJ .la.jUa i_J — 4.6 J£joJI (_£jJj 
( jj£j Yin'S . ^(_J4I ajLuij ( JI A,..u.i41j 180 jIA-aJ A_a.l^Jui ojLuoj (jj 

(_g.'1g ~N (jjj J}J]| £-0 llijlila jllll ,1g s 

v o=-^-( v 2- v i) (U-6) 

•V 0 =V | —V 2 b»J bn . M £ jUa Jo J>. oVl t ij = i?j jlirkljj 

(digital to analog converter DAC JjLuII J JJJI \J j 
J=J t Jlldl Jo .aJjLj SjLil Jj binary number Lubul taj& jjj 
IjUal^j 111 ja. 000 (j-« dilndl A-uvliill AjjUiill 4 jc.VI 4.6 
tv ^ (J^ Vj (.j-o ciiljLuiVlj aj^sJI (d^.41 Ciljl4j JLojj j .7 Jia> 0 3-a J 
t_g 0g •> I 1 J 0 JJ-lWI (jlAjI J-a J3j -V 0 jA J JilfLaJI (_£ji*Jl , 1g J l j 

.J4J 5 J 44 J 0 (.J.4I 
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*L*y '- 4.6 1_J£joi 3I ^3 (jjjolt (_joi£laJ! £*UJI jl j'i~4 (jfLaJ 

I _ i £-oLaJl I3& ^ )*»» J ‘9.6 +4>l*JI (JLaaUjmlj .^JjLojJI 


n ,V. V, V,. 

v =-R F (— + ^ + —) 

0 R, R , R , 


( 12 . 6 ) 


1 7 ? 2 = 20 kQ j t/? 3 = lOkQ j t/? F = 8kQ Lsjii.1 13] 

‘v 2 =0 tv 3 = 0 ijl) 001 “UjUjV' ojLiJ Cilac-i <.R l = 40kQ j 

~ig -sll ^ol=2t ^^Jc. +s1)»a 1I (v j = 5 V 

‘4jLuus J2>j ^glc. j .12.6 Aljla-all ( _ ? lc. sljj lilljj iV 0 = — 8 (5/40 + 0 + 0) = — 1 
^jluL) 7: ji>. (v J = 5 ‘V 2 = 5 ‘V 3 = 5 ) 111 “UjljjVI iji.21 o jLij ^ 
Jj+u +A«j ^jL (j3J .v a = —8(5/40 + 5/20 + 5/10) = —7 

‘£-aLaJI ^ (_jlj +3]. .v 5 J V 4 (Jibjll dll jL4l <sLjal_j j . ^JjLaj ^-g3 j 

. ^)j5l AjilSI jl.lC .1 1 Tl5.«j 




4 jl.aC. jijj Lgjl (jJJJ ‘Sjljll (JLi. .(JjoSIc. ^yc. Lual^. 5.6 J5.'Ml 

. A J > >>ljj]| 

o4a*JI (JaxJ (I 3a. . >i JJC. (J *0.4 11 ^^3 jLall ij' iA\ 

Ijjjl . R (jjILojlLall ^3 ^jj^jLall (jJjLull A 3->q*i V (_£jLujJ l&.’lg •v 


V2-V + + Vl_V ^ 






(13.6) 


fijlA 

V 2+ V l = 2v P ( 14 - 6 ) 
(v 0 -V J )/Rf = V J jR x i$\ ‘ R t J 7? f (jjlajllall I jllJ ^jLouj j^aSI 3jc-j 


. ^)JC. (JIaxJjujIj jl ( •vll ^__)ja£lc. AiljJalj V Q ‘—llLuill S^Loil ^ya (j-aiiall (jfLftJ 
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